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: Jujj i 4jj*j^5J 4J I (jyicj J-a^ta « <5Jl*j (^jj V £_ya <jr^- jOA-uJIj ^ uaJIJ i 0ji>.j 4JL1 Jt_a^>Jl 
^^yic ajjLUI 4jjjd,| Liila^JI jjlj^tl Jjjktll (^J^il (—iJjJuJIj <^uaJI ^iLCiiJ 4_aL*JI 4 , rinijJLl ^ 



0-ijlj-a (jyic Lul J Jt_aIL*j (JjoL^dlLo (j-^J - i '^ > ^I J^* 1 - 1 ^ t»"< *§_ ( . - 1 iaj (^J-Jl (j-^J-M \^>-& ioL3 tj^ (j-* 1 * JyJ*-"^' 
(jj-*-) (J-Ltall! i(_gj-q-LiJI aJlSIJI ilrtC *_3.i *|_ LaJuS jlj a"< i nVI (J-5*l (j-* 3 (j^*"li r«JL*JL) -r \ , nU 4_)L±Ju a^JS (jr^-J 

■ Lg-liua 4_ajJalt,l JjjJI t-fll <^il (JLaJ 4111 

^ a J S!i 1 1 4_JjJlJ| <_ijLtI(Jl *_a Jj ajj 4_uL>ol Salaj. py-ALLl' j-j^lajj pj -t »-^~«t 4_aL*Jl ajlj^l Cxlaa> Ju9j 

431 lis '^-- 1 ^'al ^— ■ i jj^jiJl (Jij-^ '"'' 'i^**' A ( JT ^3L>j ijjjL>- 4_Lg-lc c-i-JL-ul (33j ' ^rHdJ^-^' ^^Ihr' * ^r- 

ijji^aj II (_p-4J (_£J-1I 4-ilIaaj| 4 j i^j t,' j_uL«J,l jIJlcI p Jj mi a «|r ''J ' 0J-& cJ-Lqj JuSj « 431 tlLalLa <^rr^ 

(_£Jl1I ^jIojlII *J9ljJI *_a 4_L».ltJI 4jjjJ| (3^l>2 Ca>J (^J^XI VdJ-^'j Cp-^' fy-ltlU 4_aL*JI 4 , n , njJLlj J-a-*JI 
j '^— >) (^jjjJlJ /j_aLJj_(J 4_LoL^3lLo 2 j La ] ) 4jL^_L!| «|_ jjLsJul <>Jufc r-jJeHJ ((J^j«Jl (J13-" ' " ' ' a 4jJsj-aj 

.4_ujjLjjV| 431 ilLali a jj^-^ ) «|_ 4_ul3|j j <^— >|j « jJ^jiJl ^j 1 u <i L^l Lialll 

4_«JisjVI 4_iiSj p ( 11^ (^jJlU, (jyl-4-C - ^-Jlji,' «jJ^ <Jll Ljjjj Ljj I 4_uJjJl1!| 4_ljJL>J| <}Jl4 (JjLuJJ 
4_aj^UI <JliljL^JLI ' _ll 1 ■"'^— ■' 4_j-ij^3 (JjLilu 4ji^jj>. (JliLCjjJsj^i 4_tiSli]| diLil^a U ijjLo^tillj A ^~~ 'J^JJ 'j r 

j^l 4JJI i^ya (JjoG 4_j_ijjJlI!| 4_LjlSj>J| <>Jl4 <-^Jy cT*- 1 * '^* > ~ (jj-^J TtALiil j-JjiaJJ p J a • <su 1 4_aL«Jl ajlj^llj 

.<JliljL^J,l <>Jl4 ' _il 1 ■ ~^— ■' 4_JL*c p£. JlJ (jjil (Jl ^-~ 1 "■>'j '"'' flJjIaliJl ' 4U1 1" ( nVLij 
i_t-i3ca »jmn 4Jl (^uijjj 4_tr»o U, I j I a >!)„' '^^"' ' " J? LA^iJt£.| t^£- (^-ajLiJI (3^3^ (jl iJ'-<- uJ 4JLllj 



^-ALJll ^jjJajj pji < -V< t 4jsL«JI 3jI jVI 










(JVI <jr .lcj <j-A_a^M Ji^.jJI (jjL^aJI jL^^ta Ijjjin (j^-*-*^-l ^iH i3^* <— 3j-"n <jr lc a^LuJIj a^LaJI j 4JJ Jl*t»JI 
J I (jl i ii ~>»L) p jj» )l "j (j\ju[l (Jl (jr JLcj (j-\_Laj_ll <-^->L^ja I <Jl)lj_&LLaJI 4j»-ljjl (jyicj (jJj-&LLaJI -1 .'_ ^' ' . ' ~" ' -** ' ' J) 
Jj -ll flJ> a JlC <j-U tlajjJl (jr 4 *jj LaJJlj I gijJ S L^jicj 4_*jslj (j^J aJutLst-a 4_ula^ (J-^ 3 J-* (*1*JI O*-^ ' Lh?^' f\3^ 
«_a jj U"~ j | j_l<Tlj (j| j ^— i -i 1 1 jj_*3 J SjuI (_£j-2-i jcILj tla_ij_!l (jl C.-- p-J (J-2-*JI (_£_^9 a) JlJt" i nLi <Lmj.a-La aIuLj 
4JJI J_jj3 <j_a (—J^M ( _ ;r 3*j_JI 4_l «:Lfc. La *-A J_aL*Iu L$J^ f^^LtJI t—Sj-Jul ^jk AjCj-«jJI A^L*-!! (jl C^p-J < (j-^j-^ 
1— LLt_-»o ^—J^l (jr >-j_JI t jlLa-La jj_a I i^ajl A_utj_LLaJI ajJUJIj . pJL-uj s ^lL■ *Lli1 ^lj 4JJI (Jj^-uj 4_L<_u ^-^J (_r?*J j-*- 
LajL_t£.j j m\j tMI (jjLjfc »_lij *|_ (jj/lj-r^JI a) Jiir" i 11I < jr -L 4_ajL3 (jj-^J LlJjjv. jj-a jj^"" 1 II I Jl& *§_ La x_a (J_aL*Ib 
4_*_ijI (^ JlJI *L.j^sl1,I (jr ^jJI j jj-LalJl (jj/L<jj| (jr jfc (jJ-II *LuJjj3eILJI <3j-^' (Jl (jLtiiJVI ^jLjseJj (jj/lj^>JI j-^*-*J 
4_lc-&I jj-a x_j|j^Ju Ll *_j!jJU aj Ju3 <J1iLu-uL-uI 4_i_uL>JI <>Jl4 *|_ (JjLuj (jlLaJLI, I I J-& (j-aj ' U^rhldJ^?-^' » LaJju I 
(j-uljJLJL) L^HS^Lcj x_j|jJ,l (j-alj^-j ljIjI ( nj 4_^=j^v. 4_<_ulj_i j -t 1 ta "~ L^jV 4_ i La-5tj| aLp-JI A- 4_t^sL>- 4_j_alc 
(Jlilj-iiUJu L^ILajlJLaj (jA-*-a J^~~ ' "■ LJ (j-^J-I (j^-JI <Jl)lj LiJI j (JjIj-uiJI (jr A )tj|jJ,l (jl C.._tr%. 1 a JuLuJI 4-5t-4-iIaj| 
(j_a tfj_c diVL?ta 'S— (jl i.ii *iVI 4_ajL5- 2_ LJI at" ml ^j "'^— 1 «L^lj.a-U Lxajfc^l *s>-j2j i I JL>. iLJ^ J^— At I ^_ 
(JT ic 4^>.^LLo j-iIjjU'*! 1 ajIaJI jjjo -^ ul^3 )tj|jJ,l pic j_a JlSJj Li^-tcj ^--^J-J' <^V1 (JliVl a t" 1 nlj (_^j dil ^-— 1 1 "■ 
(jl ^Jl ^jV> 1 njJI j ij-Lta 1 1 L Ijjj— a «.Li,l «|_ ajj-a-i-tl a! i u ->.^U (jj/J—u^jl «JlX.L9 (Jjs I«.Jlj 'LnjLuiJI jj-LtajJl j_a 
L^tS (j ^1 1 s> selij (jJ-JI f Q — Lt JI fjj— ^ (j— « I— £-J-^ ^L-^J Cr^JJ JJ «aj ^j— a j<s_L*JI I J_& 4_JI (J_<-i5j La ^1 J—t^sj 
«§_ X-jIjJLI (jj/jjLJ (_$ jJlj 4 r^— iLaiJI X_j|jJ,l rtsJLc (jr 4 aLui^I ij^ij ^J\ rtJL«JI I Jufc pji llSj *U 4-lic.J (jj > ^i i S> -V" t, I 
i_£jJi]| ^Jl (_3j-laIL!l (JjJlj Ja ^*<* jLuJI 1 Laa La a. j ic.j_uiJI (Jj/jJlj (_^JJIj joljJll A-i^ajja. («-lcj jj^— ■ uJl ilL*. 
4X.j i n tl jj_a J ^— 1 (j-L_i 4_5^L«il (j-ujJi-J (_£J_Jlj C^jJlj>JI (JJLjsLuJijjJl-uJI j-^3 O-ILlJI < ■ ■' ^tl |_a|j 4_^LiaJlj 

. >(j|jJt,Li 3j3Qilj aj3ji,l ^j^Jlj pjl i n~tlj 

(JjL_<jjjJI (J-^3 aIjlJt" iiiIj . Uj... i"tlj ->- 1 . ^ j V I <JliJ_aJiJ Jl^ (_ 3 - 1 '— ^ ** J ' " JJ '"' ** 'J^"^ <5J— 4 aJl_^I jl (^j—ilj 

4j^L>J,l 4_Ju_a^lj jj .^ t|j aj i uj-llj (Jjl Jlj>JI aIjlJt" i nlj 4_liJ?LjjJI <JliVjL«J,l Jj'^-^" (JlLa tillj (jT ic a Jl£.LuiXI 

. c_jjIlaJll ^aJLJI ^jI^JILi JMS.VI 6j^ gL^uaVI jJlSj c_j>UaJI JL J i6 n,"tl ^_ >LaT 







. aji>. (jyic ^-L'-^ La- J^~~ 1 1 lJijjjlLJI *_a »_)ljj,l (J-al^i- 
4_!j^seld] (_£j_Lai!l (jj/L-uVI tcjJsjJJ : 4_1j^3eI(J| AJjJoJ • 

. L^jIjIj 4_ij^?eIL!| <JliLjj^3uo jj-C- (J-«L=3 lJu^sj r I La <~ \ 4_t3 r*JJ_J *• ' * ' "** J ' I * 
^ *'j ^— 1 1 1 aj_^>.2l (Jjt nil 4_2jj_Lsj 4_ij^?eI<Jl «.'j^>-| dl I alaa> (J-coL n" tt—uJjjj ajj C-^>- *• (_)-«-*-!' dll alaj>. • 

4_)j^>0 J-^=-J <_1jJl11I <-_> Lt-p-t-u t ,_£jLa Ly \£- i_2jljJI Jj*-! ^ i-ilJJlJ <jy^'^' ^jUelaVlj A mi^LII! 4.11ml • 

4_Lq_ J-dJ 1 4_i_l2j>JI <)Ju& 
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t Units uUb-^l 

*J JlJUj Lh°j-M ' 2 1"^— tl 4 Jj LaJI 4j ruLmVI Cj^UJI <".L - ) ^— tl (J-uLj^ till Jl^J (jr A AjJLUI < a|j^,^1i^=3 II 

x j^ (J i lii j 1 (jj/L-Lnl! ^jJlJI Al_kil!l till J_j>-j (J I n^— ■" i - » * )l ai.1 I ^-— ■ J ' I ^-— ■ j a *i \C (JL?ta ^_ L^jJuj 

|j_& 4_<_uIjJlJ **JJiJ}J uaJI vl « >Vj cli| J a»aJI j ^— A ^ Lc j ,^>"^ < i aa_i-uj « aj-L>JI £_ya pj-aJI lj-4 <J1)L*.LlL>.| 

international system units ( SI ) ^jjJI ^ U^JI jiaj jj-SJtl 



Sm^tl 


Quantity 


e Jjs-jjI 


(SI )Unit 


(Symbol)>jJI 


J^kJI 


Length 


jX\ 


meter 


m 


Jh^iti 


mass 


^^L^JI 


kilogram 


kg 


o^jJI 


time 


L^lill 


second 


s 



: Jj-HI I J-A 4-<-ulj.i 4- ^ ?^^! Cr^' -iL»J^I (*-*! (jriiLa 4-J 



(Symbol)>ijJI 


2,0^11 


Quantity 


(SI )Unit sj^yi 


A 


irxLcuil 


Area 


m 


V 


4X.J irill 


Velocity 


m 
sec 


V 


rtSJ5tJ>JI 


Total volume 


m 


D 


jUStl 


Diameter 


m 


F 


SjJjJI 


Force 


N 


Q 


( jr qAJ»Jl (jLj-coJI (JJmjO 


Volume flow 
rate 


3 

m 
sec 


P 


*il*!^-itl 


Density 


kg_ 

3 

m 


^ 


2 ,^-, , A ;, it! 2-^.jjlt| 


Dynamic 
viscosity 


% 


m-sec 


<P 


2 ,~l A ; ,<^t! 2^jjltl 


Kinematic 
viscosity 


m 2 
sec 


P 


-Wii^tl 


Perimeter 


m 



- ^ - 













K 


jjJ^Jjj^j 


Reynolds 
number 


- - - 


f 


■ 'N^rwVIJ-Lt* 


Friction factor 


- - - 


h f 


3 \j ^ A 1 1 4jj^r»J| 


Friction head 

losses 


m 


T 


D- 3 -^' -^U^l 


Shear stress 


Pa 



: ( Density ) p ttl&i • 

: 4-jJLlJI A-li-uL-u^I AJS^LstlL) 2al",^— tl .a ^y^jiJI q)j-JI JajJj-jj < *sj3ej>JI a Jl3-j 21"^— ^^ 



p = 



111 



g = 9.8 r- LuJsj^l LujUJI fjLaiJ (^£, fljl-LC g -\ 

sec " ' 

aivs-ill m -Y 

p^ji V -r 
j ( viscosity ) ^b-j^UI • 

(JJljlaj p ^-— i -»■'*' J 4_i_<-^ L>- j_pl_ijj J *^— 1 1 (j| f_Ti_tJ I jL_4a < Lfcs_<JL) 4_ijlJLa 4 la j ■ " i (J->Iq < nil ,j^** ' < )1 i u m 

J a i"i J (J_i Ja ^*<* (J_)IjjjjJI ( jr -lc j ' a "' S3 V ia-^Julj. 4_s*j)^JuLi <_3jjij La (^^ xJaljJI £- 4_u-aL>JI <5jui . 4JLj_<-u 

i_£jt-l, L-uljrt a La> j L lL c I (j *^— i <ijj « *_SL_I,1 <_ iLi u <l aJj(j < u (j-l«ILj L^jj . <jiiljLiJlj (J5lj i u II ^l *_j|ji,l *_La^*. 

. d\£— ■ ,", i_ijj^>o (JjLxj (jJ-II ^j^^ll i£9-2j *-jLII 4_ajL<La 
(j-A— 1 4.31 in Uj U LfcjJuS 4_ul3l icj_cu_l 4_^3j^eILa ,^jj>.VIj <lL)Li La-&l J-3-1 ^"o-jrt (^ <j-U X-JLa -ij-^-J ( _p3j-i2-!J 



- Y - 













u=U 




u=0 

: i-uJaLjjJI 2 aiM » 1 1 > U »jj £ J_ajJLl 

F 

T = — 

A 

(j-A^^UI &\1 y iaLuiil i§_j_<JilU A i in <tL) U 4-Cj i nil ^_ j-l<Tl!1 *_a <■ r (iiL-LU (j^*M \l j-s^l £j| JLxj Ju3j 



ra 



du 
dy 



T = jU 



du 

dy 



: ijjs>*\ Sjj-i^j 



4_L^3Lj_aLbjtJl <Lj».j)^Juu 4_lU1 Jj LLaj La jl 4_j>-jjJul (J_aLtc-i i_3j^*j La < jr -&J <- ' ' nLuJl CxjLi ^Jt f-* 1 (j| 0-p> 
jl Jusolj (_>^i2JI JL£>-I (j-U 4 i i ii it' L$JL) LliJj Ljj i_2jJLJj (JjLuaJl 4_^=j^s. ^-ic J-3p <U_<_uLa-4 i>^J3 ^j-* 1 *J'- lC - (j-^3 






. r_ 













(// 



N-Sec 



m~ 



pa.Sec ) (ijuli . Jl^-i 111L ) jl ( x^jjj jJLa J^=l! ijjlj . o^p) u-& <=*J^1\ a Jl3*jj 

<L3^L*JLi (, La »~j 4_uLol_Li^=JI <L3* j jJJ Li i_3j_*j La (jr jfc isLl^=Jlj i-L^a-LaLbjiJI ^j^JLJI LA-> 4-ujiiJI Lai 

: 4jJL<JI 4_uJjLjjJI 



5 



p 



m~ 



( ) (jr* L^-^-JJ 

sec 

ijjLaLLi^=JI iLxjjJLl <<ui?tb LjLa j/'^~- .' J.'^~" tliljLiil A-pLaLL^aJI i^jjlll (j| j^allJL jjJl^JI j 

^1 4 1 1 ii i!Li 4_*_(2jj_a jJjIjjjJJ 4_t^3_LaL<jjJI i>._jjJJI La.-Lu . cjIjuLJI £aLi^= ■ (_p3Lai»ol (.unit liUJij (J^'j nil! 

(JT ic i Laj» iiaj| j '"'" i. 1 1 1 ii t J '*"" <-^'jL«Ju 4jjI al Li^J II <L>-j) jJu I j-iAlu . <JliljLiJu A ^f~~ Ujal 'J ' II 4-3»j)jJul 

. jUJI iaLi^= 

4->-j-i ( _p3Lai»oLi 4_>-j)jJul 4_a-L3 -i'-SJJ C.._p> i ajlj^>JI 4-3»j-i y_, J ' .' ^~* i-^* (JJ (Jj'_5-«-uJ' <4r is-ji^Jul JualLau j 

ajlj^sJI 4-3*j-i -iLjJjL -ibjj ill Ij till «2_ i^jijULa LaLcJ j«^-«t| ^jic lLUj (j^a^suS oljLU! Lai ojlj^JI 

fl^JS (j^. <U>ou 4_ajLill <5Jl4j . (_>^a2JI ilil JL^-^i ?«_jl_aJLl 4_ajL2_a * j_ * ±?~~ ' (4j -H*^ tiilju ^ai-tJ I j < ■ u-fllulj 

.>*■' (Jl L^^""" 1 " U-* aIaLIU <J1iLjjj^*JL! ^^— j >J1 Ll*^= £_j_l*IJ| £>£. <-iliJL^3j *-jLU iIjLIjj^. (j^_i t*l iiiL<Cl!I 



£ — f 



-| — I — T - 

■ 4 \ -i 



c^l 




~: 



13Q 



Tlo? 






- i - 













aj_<_L^3 I j Lj < lLLjjL^I!' e^J3 (J-*- > - La^a m^* '*' I j ''-** ' (j- 4 ^-4i>^ < — J L<jj^><J I C^ -1 *— 'LiSl '■"*■' ' jj* £jj^~ , ~ jJjIj-uiJI 

i>-J-i x_a U i o^jlC LujjLo (JjIjjjiJI *§_ <L>-J)jJJI <_ ' ( nLuJ i.m nil IjbJ . ajlj^>JI i>-J-i *-a U i "^— lC »- < I uUJJ 

j_JlL) cuj^Ja La I Jl 4_L<ui^l iLjia ^jj^~~ ■** tiLuuL^Ltl e^Ja (j^ LoLcj 2 , ..j^-^* * flj_&LLaJLa cjljLii! 3 1 . u i!L Lai 

4_l!Ll3 (j| La_>j . S-fllliba CjLcj_uij jj>- I (jl ■^— ■ « (J I (jl ^— i a (j-a 4_JLsuL) SIaLu,! CjUjj^eJJ <1^=j^>JI ^ j o^-» 

L&jjjuj Sjlj^>Jl ^-j-i pLajjLi -il-ij3 (_>^i2JI <JiiljL^>-l 4_ajL<Lo ^jLa < Sjlj^>JI i>-j-i jujijLi -sl-ij^ <jiiUjj^>JI 

. ejlj^>JI i>-j -i (jj-^- LjJijJa ^j •• £ — i » '**' 

liiljj (Jjlj-mJI j tLiljUJI (j-a J^— )L. Ji^eJLa J^—- uiJ is-jjUl (jT lc j^jJ V ilait uaJl j-tAj (jl j ^— JJL jj ' "^J? 

j_l*j )L. (- u uU I jufc (jLa Ijls- j_l±^= 'U » - a Ctxi jljUI jl^— jl VI 4_ul mi-»JI <J1)LJUjuM £_j_uQJ| I Jl& J-t jj 

£— I a^a 4jj mm II (JjujQ *_a <_ < i nLilu *Jilji,l *§_ "T ^j^^tl CjIjL^j^I jj| LaJJ . *jLU (_L^I-i (j^a-SJI CjIjL^j*-! 

: ULUI ibLUI 
F du 

T = — = // 

A dy 

VI £ Liiajl 4jj mm II (JjujQ *_a CjIjL^>-V I oJJt> <- < i nLZuj (_>^a2JI CjIjL^>-I ajLSj ^jjs-VI ^^^ ^ u LtaJl jljJll (jlj 
Jjuus (j-u ijJjlaJI 51>L«JI £rUJ O-p- u^>Ll^VI ljufc 7^JJ ^LlJI J^3lA!Ij . I a j Lu La>Ll^l tiJLLi j! 

. i _y^2l\ jL^J>-lj 4jiJ mm!' 




4jajQita jljJ, 4jj mi" II (JjuljO j_l»jj {__ya2}\ jL^>-l (j^_i AJ2^L«JI tc-uJsjj 



_ _ 













4_Lkai- j-tC (_)^a-2JI JL^>-lj 4jjp mm II (j^- 1 5j9^-*-jI CxJL^3 I jl (^^j^jjj-tC (^LiJI p i u-BJlj 




20 4) GO BO 100 120 

(£) Ji^i 

*> flTLsex ajlpj>. CjL>- O J_t£. x_llai,l /jiaJU 4_>.a\J TcjJaaj 



_ n _ 













: Compressibility 2ufali£S¥l ♦ 

a U « , U. ', 1 1 «_j|jj,| j ^UiiMlljif *_j|j_ll *_a «_Sl^JLl L^=ljjL^3_IjO jJjoL»jJ 

I j~,al"^— ■ j ,»"~ (Jill 3 La » i ia 1 1 , 1 *_jlji,l ^j ■.£— ■ » » iLiLj L^iaLi^= jij^-*** <jj-II p-^li-^' <j*-* ^ u » , ^ ; 1 1 j_tc *-jIjJ,I 

i a U « i >> '< j . i ~ *_j| Aa aLc J^~~ ' '"■ ' (Jjlg i ii 1 1 j-u-tj a . .U«i/\ia .if ut_i La >- Jh-lS IJl». 
. ^LuaLiJI diVL>JI (_>A*J £_ JjIj-uJI ^ulal » ilajl jLlklVI <j^jij Jls-^I (j^a Jlj Vj 

. Water hammer ^m jjjlaJl i!U 2_ U^= 
Elastic energy ^j_* iaLta q^ I^U^j U« L^u^ J2j l^U;^ *Lul ^Sl^xi J^= ot j^jj 

. 4_dc i LaJt LJaJI j '"'" <Jj)j^ LaJiic. ^u.^3 V I 4_are->- ^1 «_SLX t -ijJ'J r*J 
*_a rftj5tr»JI *|_ (jl la-alll (j^ijiLij XvlglQ (jj_a j_tC #.Lcj *§_ <Ajt-tJ*jj x-jLcJu *sj3tj>J I j_iij |_£J-a (jj/Lj^ I I '^— i i ig 

. 4_iic ^ LaJ i u a a_a:3 (J^ 3 



a J-* J Ff* * i_ 




i 

! 

^SsP^Sl & - s ; 




(0) J^-xt. 

(JjLuiJI <Gj)j_a (jj/Lj^ jL^>- 



- V - 




4jJj-* uJI 4_Uj_*JI 4 ^=3lL»XI 

.tviffl() lliii)Tillf|.tvifill piln ill nnlnll niiiinq oll 
gftLUl jJ$iaJJ (U^aU 2uU)l 3>bVI 



<jU£ - jjl^irijjJuUwLwl 



jijL_uLl^JI ft U-^j 



1* ™ 

§ 

J 

*3 



r 




-V 



*^3 



^^ 



^Ull 1 ^" 



^ it^iw JJ^' t^ 







til! jj 4_uLuir»Jl 4^_l2Ju I glt-B )1 La "j (Jj/LlSJI <L9j j_jJl2j C~J->- (j-* 1 f*-^ (j[ i ii (tl I La >i 1 1 jjJlSj (jl 
(j^. i M"4-^ j^— i ill ' j-jlj Lp^ 4JaL "M <_jLujjV| jjjo j_<_l^3 jJlC (\C A^LluLLJl r I Laa> j| ^yJb 

^j^— ■ i 'j . (_gjl i ii"!Li LJLjj jl Li>.jjo 4JLalo*l (ja^ajj j '»" 1 ,1 i u^-tl j^ ^^yj'j Mit tl i_LaJ»Jlj i (jj/LiS (_>^= 

. 4_uLi*aj».l 4_2jj_Laj <5j_jJlSj 

ioLcl jLt£.j . (J^lS jj^ LajJLs^a £jj^~ i J La LJLc 4-Li.tJ i.m n (\£, 4_uliL<Jl «.LLai.Vl (jr A 

. ALkaluL) jj ^~~ '"'J «t-JI (_£l <La_i2Jl (j-oAj a JLc /- al LaJJl I La se 1 1 £jj^~" ■_' 4JL3 (Jj/LlSJI 
Li!L<ji (JjijJj I j ' a (valselulj I j'al ",**<^— ■ ! t_tr>o CjIjjjG CjL43 jJ I n^— i Lfej LiTiC I ^j^— ■ a ' sLLai-Vl <5Jl4j 

. liilj (jjjjLSfcll fljL£.L9 

7t_tj*-t^3 J^— ■ ill ' fl«.lj^JI f*J^c jl ^jLLc (j_jJ jL#j>JI Cjls.ljJ2 (Jjjsejjjj (\c <u>oLLJI r I U-^Vl ^jt, 

. 4_uLl2j>JI 'Lc-lSJu (JL>J,I JljJusIu 7t a i nj LaJ aj^a £ya j <^— if 4jj^?eILI| 

•*! 5 %2 ' 3 ' ' n 

J_ajJLi ^ a I La 1 1 r I Laj>.^ 1 LJj-^J J-Jj 

e \ -> e 2 ' e n 

_ A _ 










jataitDI 



03- 



*-— ■**' LaJ_Lcj 



^ 2 = ^2 ~*~ ^2 



n « n 



(jT ic (J I ^ >|J II (jyiC 4-»XliA]ljJ 

1 ft 1 n 



1 w 



1 n 



1 " 

: (j-UJLll' jj^lJuJLI (jT ic j^aijjjj AJjJisj *_<J3^3 ijjLLaJI sLLai-VI JljJlt»o 4jl 1 11 a (Jj>- (j_a (j-ujLs. ^j^— ■ 1 > JlSJj 
3J1C (jyic I Ll Ltaa> jla yC 4_<jjLSi,l 3 »J-aJI (j-* 3 2jU , „jtl 4_*x2JI /j-jLJ 4JLi Jj I La 1 1 LLaisJI <_2jjij 



_ * _ 









jataitDI 



Ax l = 


Jv Ai 


Ax 2 = 


^V -A- ^ 


Ax n = 


X ~ X n 



: ^yA iiilail s.llaa>Vla 



X 



n 



(")l o- 



^LAmJI ^U,,.jtl jlUtJ UaiJI 



1 w 
Ax=-^e t 



1^ 



e=Ax= x-x = — y^. 



« M 



jIjlSJ.1 /. <} ( nj Jij jiicj 



tftfT 



-Ax<x-x<Ax oi^^j 

x-Ax<x< x + Ax 

x = x± Ax 



3S 
X 2jU,„jtl i^xlll ^J Ax (^ilaXI LLai*]| (>U 4-u-ulll jjfc 

(jjixSJU j' J 2 all 

Ax 



e r = 



x 



-\ > . 







Ax 
e=^'\00%^e=e r '\00% 
x 

< ^jL^sJI j^r»J,l (^yJLl (Jj-aa£ J-2lL-ai,l j_lslLU Lai ^'ijintl j_a^>J,l (jT JLl (Jii-cJ JJSIL^ui, I j_l*ILI, I jjl 
jjj>J,I (jyic ?e— jLjJ1 j-tililj ^'iji nil jjj>J,l (jyic (Jrt~( ( nU j-l <T l I , I (jj^aj ^jl t_xJ>«J jjL>J,I jLl Lv I J_t£. dUjiJ 

. jj^J^Jll £y* (J^ 3 (jr^- **-"'4jJ9 a Jl3>jj ^j <nrtll jl JlSJLI j-aj j^= Jyj (_^jL^sJI 
: 4_uLL!1 <J1) LLa 9j=cJJL 1 aVc] iva ( <->»J ( - 1 ■■' La p ■ uj ■ ) ■■' j^ " jl j"-*-** 
. A i ( nLLa p_<_u <JI <L3.i (ja=3ij (jl — i 

. 4_ul_uJl aJSjjJI Aj>.\ i ii a p t^» a (J a <"ij (j! - V 

. LfcJ^ji.j t j-^ 3 '-al TtoJsjj J^— ■ "■ ' lLsLLLm JJlt»oj L*jJsIj p-<-ujJl (j&^aj (j| - T 

. {j^j^se- oM '- ' i ii LLa p_<_u^J I (jj/ Ijrt a (ja^aJ (j I - 1 

,/lftt Lo-p ^^N »tl ^l".r,,„lj , >t jlU« (jL^=3 '^ pj^~,„tl ,U-Ltl SJLa, 3 Jjtl (_jLccl>. -o 



. n - 




4jJj-* uJI 4_Uj_*JI 4 ^=3lL»XI 

.tviffl() lliii)Tillf|.tvifill piln ill nnlnll niiiinq oll 
gftLUl jJ$iaJJ (U^aU 2uU)l 3>bVI 









v 




^ 



*^3 



^^ 



^\J\ «*•">. 



t y$ i&y~* JJ^' t^ 













Materiel analogy ^LSJId^l 



: The vernier calliper ^bu>jJ( oG ^ujloJI 



-> 






s/wfe 



heir 



1 I C 



l|l|l|l|'|i|illjM ^| i|i lH^ ' l l }ni|i |'| i | i|'l yiHIM'lMlM1l[MMM';i|i|HH|l|i!i|i|l|i|i| ft 

jiutt t;i it tti ihtiiliti 1 1 ; ifn i n i| ' ■ '" 1 'p ' | i 'r "^ 1 ;"/^ ' ^ r ^ ^ 1^11 ^ y i i r | it ^li ■ ^nr^f mi lit l [Hi i rl t m Mti tl rititii m [> n iln i rF i^ a i ; il i ; i r i - , In ' ^L > ^ i In ! 
! i i i \ .. h • ■ t i 1 — I 




7cm 

inn 



vernier 

movable jaw 



J^ 



/- j" '"' 4_»-jJuo flj_La-ujjO jjji (_4^3jjj (jj-^J • ^t^'- c ' ^^ LJ (JlftiaSl! (j-ul_ui] 4_ujjJI <Jlil j 4_aJuiJl a JlJt" < n" 
(*\) J^—- uJ *§_ TtjJaj-a j_& I n*^— i i j\ q i ii a * La i ul aj 4_i p*^~ ■•*■"'" (*>^= ' 1 ' TTJ^ "-^ ' SJ. L ^> j;e -yj C^jO liLLi 
AJjl i n'a a! i n^l Sj LttC ^1 p'"''" Li!j^ejJ,l I LLflJl (j| . *A^\t > 4_UjjJI Cj'j 4_ajJiJl a) JlJt" i iiU (jj/LxSJI JlIcj 
aLui^I (Jj« ( * , U (J-iL»J 4_UjjJI aLui^I jjjO rt i n^ (J^= o|^ ^4-*^ CxjliJl (jLaJI aLui^I (Jj« aLui3 I 4 t i n" (JjLSj 

. (^_ij>ojJlI!I i^j lii^i (JjlaJj ^jl (_£l < ^jl^— irttl !j)j±AyCiJi ij)) 4_ujjJI <LaJui]l aIjJcIL-uI (J_l3 I Jl>. r<s-#-t1 (j-* 

: 4_l!lL!I ' " ' I j La -»- i I f-p-l 4-UjjJI <Jlll J 4_ajJiJI a) jJr" i ill Jiicj 
. Ajjj^JI CjI i 4-ajJiJl ^^— a (2rV 4-J>La .sboj -i'j-U r*i m-»Jl » liaj - ^ 

. ^llLo 4_l!lL!I S j j L<aJ I (jyic. jjl (jlaj-iii! - Y 



- u - 













0123456789 



II 3.2 3.3 3.4 



3.6 3.7 3.S 3.9 



3.5 



sJ^JJXJli XJ^jiill 



cJiJ' 5tj^ju]l (s^lcuJLO 



<_> 



^=u 



(V) J^^i 

. ( * , * 1 CIll) jl JlIIL 4_lC J-LSUJ (jaOLaJI 

(3.1 + 0.06 = 3.1 6cm) ^j^^ji s^i D ^ 



-r 

-i 

-o 



.J^l ^juii 



The micrometer iuj^itl -Y 




^^kti gj^isn 



(A) J^=^i 



- ^r_ 







p i o2 * (^jls py_JjJiJ Ll!LL&j ( ^ ) J^— ■ LoJl ' tcjJsjjO jjfc I -t^— ' < LfJj^elLo jj>-V'j CuLj L*jfcjL>-l jj*^— '*** £_ya 
jLuiil (jl (jlaj-iii! (0.5mm) (J-iL*j 4jj1 < <~<a *i i ii ) (j-Liu-q-' -fc - ^Jl p > nrtd (_£jj|_i /tJjjCJj jILft-JLJ,! <J1iIjl>-^j 

I jus.j (1mm) Lfcjjil ibLUI r,ljU,„Vl Ji.|j a-J^Is iaL^a *jl2j Ul^=> j^U!*^— <j^jjjj> jjjy ^jjJUJI 
(j^-i.u.».->. (j;jj|jJI ^ljjJuJI aLu^l jjl£. jJLuj < (0.5mm) L&jljiiLs ifl^Ia ^^— j^- (JjL«j aJl^Ij «jj-i (jl <^J-*^ 

. (0.5 ■ — = 0.01mm) Ujai iaL^ JjUj ^«S J^= ^2 

. j" a JjJ ^~*J 4-u-ul ( n->o ^ g i iij j I JlSJ,' ljufcj 
:<Ll!lLJI (— i I a!aj>J I f-JJ-l (J-uLlSJI 4; j" "JL? ^~*- (*' ^ r " ' "' iJ-l^J 

. L^jjJlJj (JJj^IjJI /tJjJuJI <J1iL>«jjJlJ JJlC JJlt»o ~X 

' . 'JU ' ^ a L^J- 1 '^' KJ^ 1 -^' < — J '^ >, dJ^ -SJlC I j^'** LaLiiajo ^jlaJI ptJjJuJI as-'j^9 ^jLcuj j" "J)J ^~"' .1 **-'j-^ 

. )~ a 2)*~~~'.' *"> 4_U-U 1 I ll~»J I £— X_4J>J I /U Lj 



- U - 




4Jjj-* uJI 4_Uj_*JI 4 *^— LJLl 

■^ifflo lliii)iillq.cviiill pilp ill nnlnllniiiinqpll 
gftLUl jJ$iaJJ (U^aU iUU)! 3>bVI 






•2' 



i 




^' 



*^3 



^^ 



^\J\ «*•">. 



t y$ i&y~* JJ^' t^ 







. ilaaLjiJI aj^aJI iSjjJaj r-jj (JjLuJ 4j>.j^JL1I (_LaL*-a -iL>ol 

<5Jui> (jl . LuLj ^Irt i nil ?"jU1 «.L5j *_a 4_a-LaILia ic.j_ujj (_£jl*JI ?"jiJl tiLj^el] JT 1 ajJ3 f*j-^ 4JI-3 A) 7 2 ^ , U 1 1 ^jui 

j < ^-»l aj-J3 ^1 l—treTc*.' I ai^a »j u ^-— i (JjLuiJI is-jjj CuL^a LaJL^=j « (JjLuiJl <L>-j)^J (jyic i_J-<T<J (Jj-JJ aj-SJI 

- ' " *^~""* j? ZAV (_£j_L*JI 7"jJ-Il 4-Cj_<-uj <j-L>.jJul jjj° (J^ 3 4-3-LuijO x_a LjJjJa (_ < i nLZu ajJiJl <5Jl& (jl Jl>-j JlSJj 

(JjLuJI S'^I'^-i (JT ic Li i "^— ■ <* j-jjj ur^' ^j'j^*^' ^-j-^ f-^i (j-i^-jlll cr*-> 4-L^LaJI iaLuJt,! *_a 

Av () -O 



F a A 



Ay 

F = M A— ° " Y) 

Ay 

(J_)LjJ| i>-jjj (J_aL*-a jl jJjLjJI <L»-j)jJL> // t_tj-uLuJl CcjLi (_3jjijj 

flj_SJI jjLs // 4_Io-j)^J (J_aL*-aj /^/ 4_l3Q^3 (JjL<-u £- Y »j L^fl i a ua ) (_£jj_^= *i i n ~>» ljIj^cTu LoJl_Lcj 

4J3^L*JL /. La »**' 4 a La!i I a V LijIjuLa 4_Cj_<-u d . . ..^— i"t 4_aj}UI 

F = Orv// o -r) 

4_!jL«J,l •»■ llis-J ^Lbj OTT (_gjl i ii j (^J}J ^~* (<i ( ii ~><i 4 i i ii itL) 4_j| Jlj>*j Ju3j (_^JJlX. CcjLj Q? (jl C'—p- 

F = 67rrvjU (\ -£) 

/j -^— -j" i •■ jjajLSj i_2>JLJ La 9-&9 



. \0 - 













(J.& ^^2}\ i^ya icj^jjta j-<31-J Cat»o x_2j L#JL9 r'jJ jJjL-u A- aj-^= JaJL uJ La JlJ£.j 




-OJ^ui 

: 4_l!lL!| 4_uJa LjjJ I 4^^L»JLl /, la »~J (JjLjjI ^1 Lu-ulj j3|jj *J*^~" ' OJJ U^- 5-Lu/LIj! aj-SJI - ^ 



*i ^= -m 3 Ps8 



-o) 



4_uJ?j^l LuJL>JI gjl i.m1 <*> 
: 4_JL<JI ^-uJ^LjjJI 4Ja}L*JL) ^ La »jj ^Lcl ^1 Lmlj j^j^j H-3 - ^' iffl u<tl q)j ^gjl mjj jJjLjJI «_3.i a^Ja - Y 



F,T= 



4 



: ■- 3 xr p,g 



-v 



: 4_JlLJI 4_u-r> LjjJ 1 <L3}L*JL) l a • <a aj j c **J^~~ ' ^-J-'- u *-^tl3 ?^° aj-SJl 

F 3 t= 6^r//v (> -V) 

(JJ^_lj>JI pj_<ir»Jll jjl ^_L»-c-i Qjlj-Iu ^j_SJI <5J_4 (jL^ V 4_a-ksILLo kcj—uu (Jl SJa^l i u 11 Ij ^— i ll J LgaJS LoJl-Lcj 

- U - 













: J] (^1 JiL^I (Jl Sj3ji,l ^j-ill £j-*^« l£jL"^ (jr^-' <JI <LPJ-M l$>^' 

F 1= F 2 +F 3 

-A) 



4 3 4 3 

— ;zr /^g =—m p t g + bnrjuv 



: XJtlll ibLqieylfc J.^ViQ -A) iJjUl <>j 

( Pa .Sec ( Jujlftil ji^...l ) ) i i^j^A^A-.^.-x viyi j*,i.„tt ^vjjJi j*i.* // o'^p- 



2 r 

/" = -• (Ps-Pl)g 

9 v 



. ^p-lLl (jj/LSjJ *J^~" ' 'I J '^^ ' * '•"* ' 



% 



m 



L^ 'hLl3 fljL3-JJ ^J^— II Sftl",^— yC ? 



^ 



77/ 



^_& L^j^LlS aJl3*jj eCo^j)^-! 0"4-*-^ _il_^JLi (JjLuJI 2'a\~^— ■ /7^ 



/// 



Sec 



_i jjj/LSjj iliaLuiJI ^j^— -II 2 aJalilXI icj-i-aJI V 



■ £=9.8 

Sec 2 



Ol 



4-Lcgj^l A-jjjUJI pjl in" 6 



- w - 

















-Y)J^i 



•o < mJi i ii i~»Jl < Cj_jjJI (J-ILa TT)— ' (J ' ' ' 'J - ^ -1 U^- 3 ^-* J ' t— UJUl ^X. a-^-Jca A-a <U>j5tI<jl ^jj^— ■" 



J ^— 1 1 2'oil"^— ■ tl (. , , I, -»u 4-aj.Lt-a ^j^— ■" aJ (jjj (-.i-UuVI *§_ ic^jJsjJU jJjIjjjiJI )>_lq_ j >J «LajU a ^LflLt^a ll ;jj^~~ '**' 
(J-i_ljij -ilj-tl (JjLuiJLi UjJLa.4 jLjieJt,! jjjj j«sJ3 (j-^J J^!^^ 4r (J^L" 1 ^ (j-* 4j o^-i x-tia^j liUjij <>Jl>. (jyic- (JjL<-u 

.£J9^L*JI (jj* (JjLjiJI 2al",^— ^Sjjua ^-ttaZLuU (<sj?tr»Jlj 21"^— tl ^ J^— UVjuj 
_ U - 







Af 

/> = — -w 

. 4^li^= <j^ -s'j^' J5LJ1 Ui^ ^ M oi^p- 
fjj]] laLcoXI juJl^i! lilfoj - ^ ) J^-i £JI 4- U^=a t^^l J^^ ^^jLkJI jlju^l (J ^ o^>lc x_^^jj 

jj-a 4_Cj^j?taj jj-^j-^' ( t 1 ' ' " "*^ •— ^'-SjJ 4-£- L<-u j^ jJL) j 4_$_kaILiI, I Sj ^— 1 II «Lcj 1 u 1 LJ^L>. jj-^j— '' *r" ' " ** (*-4J 
£_ aJj-^jil JjIj hi 11 plj-JI (j-« p^J J^— ^ // i»-jjJL!l JjsL*-a <_il mi-w « jU" ...'« jIUaVI Ldllse/s '"^j^— 11 

. -y) j^ ,t,ti 4. ^^=jJii c_4ji:Vi 

(jf <> fc*-^\l ^ *_a I ^ j Li ' 4-^1 ( n t,' (jji_3j <_Jj_ul J^— ■ 1 (jr >-jL>Jl j I Jir»Jl (jyic iyCiSK.iJ^ 1 j (j"CLa}Lc JJi>. . 1 

(JjJlj*. 4. l^l-r (..j <_ij_iJI J ^-1! (jr »-jL>JI j!jlj>JI (jr -ic <jiojl^. (jj-JI <j-^-a}L*-JI (j^_ 1 <Lal in U (j-u-^ .Y 

.^lnjl 

' flljLia )) 1 La 1 "j~ a Jl^>-jIj j" n J)J '^"""'J ** "J.* *- £-J-*^=-a J ^~» 1 (Jlilj—^aJl jLLiSl i_21_i^s_il (j-u-3 .1 

. JjJu>JI 4- UjJj-iJ icj^5ta J^=l! jLLaJS^M 
Ju»-jl aj <j-aj ^J-^ 3 J^"" 1 1 'kj a 1 oJl (j-^j '- ' ' ""^'j « Jl>. (jyic 4-Cj-«JJta (_J^= ^- «J-^= (J^ 3 JaULmlj jcJ9 . 

. di] j^=sj\ Qja 4.C 9-q-je.o J^"" ■ ' Joa a 1 oJl (j-aj ' La 1 "j" a 
4_J3^L*JI jj— a p -y^tl ^j u A> LJ (jJ-Jl '"'tj ^-itl ^^—a 4_Cj^j^a J ^— 1 1 V . Uj?i.„ tl 4_c.j u uu a-l .1 

(B j A) <j<la}L*JI (j^j 4JLaLUI £flLu.U i^jt d (jl ct 

J ^LaLuiXI ^Ia2J aj^=iil <G^j-<Tm<l (.£,111 o-ajJI ? J 



v = — 
t 



-\\- 













2 

Ar 2 



( JJLI ) 5/ope 



Av 





la mi 


jUStl 


1 A /^> 1 


1 il^l . Ijfl 


(>JjJI 


kcj dill 


1 














Y 














r 














£ 





























1 














V 















-))JJJL*JI 

: 4Ja}J_*JI (jjs // i^j^-UI '-. ' , "" w l -^ * 
2 r 2 

/" = -• (ps-Pl)S 

9 v 



. r . . 













'"," 



4 


Ar = ly - rf 

Av - v, - v, 












*• 



-r)j^=u 



. n . 







5 <L>-j)^Jul (JjoL*_a jjj/Lj^ «Jl>-j tt" ("i i nl — T 

5 ijjiLc 4-Cj '"JJJ" 1 " L* 3 ^-^- -ij^U fljLu-oJI lll^l j**""l -i'-ij^ J^- - ^ 

1 r-jj (JjL-u (J^l-i i La 2 i n~ LaJiic aj*^— ill (^ylc J^p Ur* - ^ l£>^-M (jr* ^° - ^ 

4l>.jjJ J-aL*_aj 1 .2£g /m <C&1!l^=3 J*l ■ ■■ A .Ua.„~ 25 Cm jjj\ ■ -j LfejiaJa < a^aj Sj^=a -Y 

. 89 gm I Cm ^jLuj Sj-^=J1 ialii^i jL Uk. 



. rr . 




4jJj-* uJI 4_uj_*JI 4 *^— LJLl 

■«^ irfl Q II 1 1 i]~i"i II f] .«^ i o 1 1 p 1 1 n "i 1 1 ri nln II n T p 1 1 

g*mi jj^ajj nx4<^ 2uU)l 5>t iVI 






% 

3' 




-V 



*^3 



^^ 



^Ull 1 ^" 



^ i&y~* JJ^' t^ 







<L»-j)^Jul <j-u <L3}L*J1 ikj^joj 4jajQita ajlj^v. <JliL>.jJ Jilc S-allseJ,! (_pljp ml! i>-jjJul (jj/LjJ3 

jl 4 j ( nLc-a 2 a ^^— ■ Li>jjJt_) 4_ajLSJll <5J_4 (jj/LSjj jjLj_ 1 jilJ jJjLjiJI <Lojm ^j • ■> j^ a J-p-*^ i^-jjJul 

La-^-Luj 4JL1U (_£j^>-l (J^>-|j SMjU , ,,l (jljj-i a La 1 ul aj 4_>.jijJul (JjaL*-a (j_uLjJ3 ^j^— ■ 1 ) C~-p»- 4_u-uLc-a cli|jL^>.l 

. LJL^IjJI AJljWlrn^l ^yic JJJ-LI r»j-*-" u-"^ < *-^j3-' o±±*^ -^j-M (JjLjjJI 
j-Jj-J (jr^*- (_pl 1 11 11 J-l£- (J Sj " <_2j_<_u 4_^=j^>Jl <>Jufc (jl_3 4_Lu«_a ^Jjlj icj-i-u-! 4_lL>. 1 jJ 1 li'iljU , ,,VI jjJlJ LaJil£.j 
4_JL>. Jlj>-I Jl_cCJ « 4_J»-j)^Jul 4^*_uJ 4_L(.t.a ajJL) I fcllC J^J-£ (_pl ui II 0jjJlJ (_£ jJlj 4_p»jL>Jl 4j1 a La 1 ujl ( jr -ic 
^LlILLa L^JljjJ 4_Cj_<-u (j_a i3r!-*^ 4-^=j^*ILll 4J| a La ■ ■■*! •»■ La • •• ( _ r lc /yJ C-)Jlt>o it^p- »j *" 1 u a <jj-*J 4-Cj-a^><i.l 
< <UJ Ijjj 4^3jj>. 4-lL>. iL. icj^>J,l J_^=ta (j-« tJL *^ (jr^ 1 4-*^l>ll (J^l mil 4 rtjU (jl-3 

(_£l j-L^=d\ JJ-J>J,1 (j_C (JjLuiJl 2 (LlLb JLJLJ (jl ^— I I -J^— ' 4j ( nLc-11 <Lc.j_i_uJI 4_C-l3 jljj_JJ V 4 j 1 nLc-a 4X.J 1 11 ) 
* S-lLs Lai « lJJ^~" ' '" 5-JL>> *|_ 4_p> j L>J 1 4-Jla.La ■■.VI j!jl^>J ■* 2 1 a y 1 , 1 (JjI 1 n 11 ^ 2 1 La (jj ^— '"j ' ajLjj-i 
4_lL-»1jlH 2'tljU ,,.VI 4X.j , ,1 1 4Jjl ,,i a 4_jjljJl 1 ^Vj-m jj ^— "ft 4_lL-»1jJ1 S'«IjU ,,.VI jlju>J 4-S^a^U.I (JjLjiJI 
*. (_A J_aj>JLl (j£. V Juj <jr lc (JjLuJl iLtlaJ 4jmLa-ll 4X.J mil jjLs ^bJLj « ^ ^— j— ~'tl 

v = rw (y -\) 

jIjl^so! (jj ^-ij iillJL_>j 4_Cj^j>J,1 JJ-^ta ( j_ a ^ ^al m a (jr JL JjI m 11 4_jjljJl ic.j_uiJl ^,-A W (jl C— -p> 

; a^fc 4X. \ ( nil 

dv d / \ dw (\ -\\ 

— = — \rw) = r \-w v ' ' ' 

dr dr dr 

(JjI 1 11 11 (jl ^— 1 jJ I -t^— ■ ic.j_uiJl (>ti^J ' (JjI ( 11 11 '"'■ ajla jjJ^j (JjI i n 11 '"'■ fljIaJ ^Vj—il Jj^>-j f i ^ l - c ' ^-l'- 3 '- ^J 
l_^l jj^>J,1 (\c LfcJm.1 i_2^iIL>.l («-C.j AjjljJl icj-uJl (j-ujLi LJ (JjLuiJI di ULlLb )>_lc-*^- (jl (jr l«-c-i « LtlxdO ' La • "j 

SjjIj W (jl 

— = — (rwj=w (Y -r) 



. tr_ 













— = r hw 



(Y -£) 



fi?W 



jl jl^oI JJLa-ta r Jj^l Jl^»JI Lai < J51 . n II '"'I s.Ut JjVj-Jl cjjl^o <J 1 31 kcj. < n 11 jl jl^oI J-lc-s 

*. (jl (jyic (_K3-<J (jJ-Jl 4-3»JijJu (jJ^jj 4jjL*-« A- 4-al Jiir" i ill 4-t^*«J till juj « <L>-jijJul (_ < 1 1 hi icj-uJI 



F = juAr 



dw 
dr 



(Y -o) 

. <L>-j)^Jul (JjoL«jO JU 
. • f \\£— ■ "^Vl -»■ La i u i^Luijo /l 
liaj^JLl (JjI in 11 «^-a ?rj-UI ,<1I ^—"^Vl 3^9 jj ^— j till j jj^. T LlLvIjJI S'.ljU.-.Vl jU i a .^'« (jl ^PsjjLjj 

dw 



F = ju\27ir)Lr 



dr 



G = ju\2nr)Lr' 



dw 
dr 



G = 2n;juLr 



3 dw 



(Y -\) 

: ^ L^ ^jjJ.1 £lj.s)VI fje. La? 

(Y -V) 



c/r 



JjLaiJl '2- jJ-oi-U 4-lI-»Ijl?I 2*iIjU,„VI £.J^>. J^la L (jl C^t: 



- rt - 













(_£Lj (J^L>- jj-* (_pl ' " 11 <4r 2j9-*i-l,l 4-JlJ La i ■■*' (j'JJ-^ ^-^ t-^'j uiiVI <LojLLo /^c 'j-i-l<j <L>-j)^Jul (Jj/L2j C.--p»- 
■* La i ulaj (jj/LSj (^Lj-JI <— slj^olj (_^Lj-I' <— 3lj^>oL) (JjLuiJl £- £j| a La i ■■*' (j'JJ-^ 4- a jLd- a (j-uLSj C~f->- ' aj_JL*-a 
aLLaj jj-« Hj- 1 ' ^-^j' ' jL ^_Ai Cr^'JlJ^ L)'^ d La ( nl^j (j'jJ^' U J/ '-^dL5 rSIlSClUCCr ^ g < nj (j-aL*. (jju*ja 

(Y -O Jjju>JI 4. ^b^a-a ^s> U^= Brookfield ^a^^u...^, ^i~n ^lji^ 



JjJaJ.1 ^Sj 


MODEL J^l 


SPRING TOQUE ^LJI r > 


1 


LV DV - 11+ 


673.7 dyne - cm 0.0637 mill - m 


r 


RV DV - 11+ 


7187 dyne -cm 0.7187 mill - m 


r 


HA DV -11+ 


14374 dyne - cm 1.4374 mill - m 


£ 


HB DV-II+ 


57496 dyne -cm 5.7496 mill-m 



(Y -UJja*. 



.(mpa.s)jl (Cent poise) s^^ M **i>ui -^ 



Vm 2 y 


Ji 


v Cm 2 J 

( l ) 
ySec , 



>JL3>^J (J^iMI JI-4^-| 



JJL>-^J (J^t^ II (JJl«jO 



. [N -m) jf (d-Cm) Sjlvjj ajjlII 



"Y 
-V 

-£ 

-o 



- Ye - 












I -^ »- , ,, (_)Ia^C 4_JjLfu 



-D^ 







(Y -OJ^i 






. n . 













J-jJu>JI IJULta 1 ajULo (_£jIj_js. (JjljjOJ #.I^jJ1— l ^-£^ Al_kiJ ajLJ>-jJI (j -t I Za jjj £ ajjIJlJI (j-Lt-d (jr >-jL>. a I Iqj 
. I Jl>- 4 ila flje Hi ojl >r»Jl <JliL>-jJ 4JL>. *2_ a jL>.ajj j; iJaJI *-Lc-> ALks_i /r"! 4 -t -t i a a 2 jL>.aJla 




( Y -Y) Ji^ui 



j />Ut«d! -y 



jjl\^>.a (Jal Jlj 4 se 1 2a flj BL3J_a (jL*- i u ll 3jLj>-a /j -t 1 2a "~ a < (JjI i u ll ajl >j>- <^>-j.i f-^J <4r r* JLsr **r i u ) 

<_iJ_C s.U.1 (j a ^~*J (jl (_xr»oj £.Lo ^jlj^Jl (Ji-lj Jl>-jjj . AjjIj^s. p^~ ■ *- ' aJis-JJ sLLa^lj JjJu>Jl I JULtaJ ajLLo 



- YV - 













( Y -V) Ji^ui 



j 1 J a " j «LL>-j)jJ (jj/Lj^ -i'j-1' (JjLuil! ajlj^>JI <L>-j.}j 2'ilj U , ,,\t t jjIjjJl!' 4-Cj-<-uJ aJlJt" < nU (Jj-3 (j -0 *- i ^ Lr>, -l' 

■ ^ 





'Laju^-" i ii U <L)la. 



(<UJ (Jill 7t-uLiil 4j»-jJ 



(Y -OJ^ui 



- YA 
















MOTOR 
OH/OFF 

ESCAPE 



OPTIONS 



TAB 



(r 



ENTER 

HUTO 
RANGE 



^ 



SET 
SPEED 




SELECT 
SPINDLE 



SELECT 
DISPLAY 




/r 



PRINT 



d/ 



(Y -0) J^u 



Up arrow ^Vl J\ ^ 



<jiiIjLll-»>VI 4_*jLjs 



Down arrow Ja^VI Ji r^, 

4_<ul2 J}L>. J 2HJ1 til! Jl^=j t z'AjU , „VI ic.j_<^ ^LiJl 4- Jn ml (jjj Ldjjelll 4- rLruLU I jut *aie2mj 



HOTOfl 

nn/nrF 
ESCAPE 



Motor ON/OFF/Escape ^j^Jil ^LSjIj jjl^j ^Lll^ 

4_<uL3 jj_a 7T_2^ i^-J I til!ji_^3j < 4j1 aJa i - *' ^j'jjJlj (j-aLisJI l£Jj^>J,I i_21_SjIj (Jjt i"i"i! r- LLai, 1 Ijufc a jLJr"< i uj 



- M - 













SET 
SPEED 



Set steep i^j-uJl jLu».l ^Lll* 

LaJt_Lc i La flii 7-1 IflXl I J_<fc jJ_<4JLJj < LfcJi_JJu>o Jl_Lc 4-1 1 a La • u^A 1 <Ulj_iji_JI Cl-llll! 7-1 "nt,l I J_<fc a JiielLu 



J-$-*J LfJj^>J,l QJ^-iJ 



^ 



SELECT 
DISPLAY 



Select display ^j^JI jLaiJ ^-Lll* 

: 4_jJLl!l 2 j j uaj 1 «|_ I j - ^j «J C. --p> ^ILa j j Ll! 1 CjuLjj jLlL>.' y-l"iiU IJlA ^uLlLsj 

. ( cP or mPa.s ) **j>iii -i 



'An J d ^ 



Vm 2 ; 



' 1 x 



V>Sec y 



(_>-ii2JI ^i-4^J ~Y 



ly^jol] (JJJUZ ~X 



ENTEH 

RUTO' 

RRNGI 



Enter/ Auto range ^La^mi JUoj t-Iia* 



SE1ECT 
SPINDLE 



Select spindle ^ijU,„Vi jLui.1 An* 

4_^3j^>JI jLlio joJi Vjl A i i uLlXl 4-1 la La i uVl jLlio C.-- p> SJl a La i u j(l j_ij_*j 4_!L>- *§_ y-1 IflXl I J-jfc aJlJt" i u . 

4_uLi aj_a 7-r<iit,l (jylc daJuIaJ (JjJjuuj 4jI a La i u^ 1 4_u-u1_LX 



PBIHT 



Print i^LkJl ^-Lllj 

4-tlLiSJI (jr Ll (jlajju (jjJI <Jl)LJl_uJI ^-cLlLi £_ 4-lC.j-M <01_>. '£_ r-llaXI I jufc AjiielL 



- r. - 







options 

tub^ 

; ^ 



Options / Tap ^IjLo^VI ^\Hj» 

j-uJu 4_uLl^3 ^j.^- |f ' * t ^~"'J jL^J>JI A) JlJt" ( ill J_lC L^-La is .} LdIL-u V I <UJI ^— I a] aJlJt" i nil /_ La »"' (_jJ-J' <U*aL>Jl 

jL^JL) 4_<^>L>JI <Lrtdj_<JI £— oji^lil j_alj^M jjjo Lfc^xCj CjIjl>-jJI 

Options Menu 

Setup 

c° or f° — Temperature 

Units — CGS or SI 

— Sequential , Interleave, Custom* Speed Sets 

— Serial (RS232) or Parallel Printer Port 

— Display Only Data Averaging 

* Ti me to stop 
*Time to Torque 

Set Print time: 
Set the printing time 

PC Prog (ON/OFF): 
Enables/ Disables Communication of Serial (RS 232) port 

* Download A program : 

Link to PC to Receive aB. E.V.I .S. program 

(B. E.V.I. S. =Brookfield Engineering Viscometer Instruction Set) 

* Run A program : 
Execute a B. E.V.I .S . program . 

* N ot avai I abl e when motor i s ON 



_n . 













(DV -11+ )Vi)UI juLtfSdbj JdJu*ija2j>b 



BROOKFIELD DU-2 + 
RU UISCOMETER 



( DV -11+ ) jL^>J 4,,,,;tL I jl^j ( RV ) i!U 2_ <l>i jLL^I jL^ ^^^ ^jl^ l^^' ^ ui 

. ( LV) jl ( RV ) J.* ji^=Vl (ja/LiJl a^j ^juj jj^^- 



BROOKFIELD 0U-2 + 
UERSIOH: 5.0 



: 4_jJLl!l <LJL-ujJI til! j j LaJ (Jo>> 7-l"<ia ^1 ^jyic JaJu 2aJ V <U2jL-uJI <UL-ujJI j^^Ii Juljj 



RENOUE SPINDLE 
PRESS RNY KEV 



4_}L_ujJI tii! j j LaJ tiUj JutJJ ' 7-lTuLa ^1 !^£. i La ♦ i a I jl £ tiili i£_ C^-lCj I jl Jij^jJI j-ujlj tilia c_ll LaJ C--t>- 



REPLRCE SPINDLE 
PRESS RNV KEV 



i _ rr JLlll J^— ■ luJI (jlajjiJI 4_<iLi (jj±£- <-^-J j j IaJ <— 2j-<-uj y-lILfl a (_£l ^ic ila-i-iiaJLi j*J9 (<u 



CP 0- @ 

OFFRPN 



20- 1C 

% 0-0 



. ( cP or mPa.s )^j>ui o^ 1 ^ udjLoiJ dUj^=j 



_rr - 














~\ 



mm t 

5TII1E TO TQRQUE4- 

i 



ST I HE TO TORQUEt 
SET PRINT TIME + 



SET PRINT TIME t 
sPC PROG OFF I 



5PC PROG OFF t 
DOUNLORD R PR0G4- 



DOUNLORD R PROGt 
RUN R PROG 4- 



J 



OR 



OR 



OR 



OR 



: jLlL>.^U *jj_uiJI jtj>-j_ll ^Jj L^aj 



mm t 

sTiriE TO STOP + 



sTINE TO STOP t 
SET PRINT TINE + 



SET PRINT TINE t 
SPC PROG ON I 



SPC PROG ON t 

DOUNLOflD R PR0G4- 



(Y -l)J^=ui 



i J**Jlul$k£ 



. /j uLlSJI 4_lL»aJ I <*» ' i ia >■ la 4j>-a3-"' D-"*-^ « Jl>.9 (J J* mJ 
LfcJt_t£. <L»-j)_}Jul (jj/Li^ ' _ia 1 La 1 ,1 ajlj^>JI 4-3-j-i (j)\ (JjLuiJI ojIj^s. 4-3-j-i f-^J-J (jLie-i-ui' (Jj* ("i" (Cjj 



-r 

-r 
-t 

-0 



-IT- 













£_ L*^= l?*'J'" ^ JJ^*^' o-^- o'j-*^' ^J-^J ^jL^sJI jj^>JH t^-ic i^-jijUl 0^ 4Ja!M-*J1 r«-<-ujl 

. (Y -V)J^i 



-i 



-v 



r 


5 J>1>^' ^J J 


i^jjiJI 


/ f*j-*-Il (J^^^ 8 - 


2 ilj U , ,.VI jj'jj 5 * r J • " 


i 










r 










r 










£ 





















1 










V 










A 










<\ 










1 • 










U 










u 










^r 










u 










^0 











(Y -OJjJL* 



. rt . 













xJ Ijlj j J ^— I ic.j-<-u (Jl 4Jlj-La - -.Vt ic j_<jj j_oJij 4_JL>JI oJl& iL. <_^>o Al ^£, AJ^*-J1 J-dJ LaJii^. ♦$♦ 

4_u-ul_Lo 4-1 |a la • uf I . U^=3j3j SJla La i - * ' j-i-l<j t_x^>o A 1 j\£, AJJ«-I' j-LtTu 

: 4_)jj3ejJI s.lj^».l Jiic LfcjLiol t_^*«J (jJ-Jl (— iL^-jLlIII 
(JjLuiJI pJ-i-J La3j SJlaJa i - »' (j'jj-^ ^-J-"' ^y^ Lr> °J 4_u-ul_Lo 4-lla La i u) jL£La>l 4-^*^ 4-»-jjJJI (jj/LJS J_t£. • 

tjljjJ-JI <Ulj i_u ^_ Ll tlLJj <_a_J3jIu_a 4 oil ui II iL. '*- tj all jljrt" rnV aj^LII C^JSaJI r I La£. j <— i-a} • 

jJjLuiJI cIj Vojug I 9j8j 
j-u-<jj < LjJU-AJ t_cJ>o / ^ <j_a JJsl Lg-L3 aJ-*JI (jj ^— J e*1j-J9 l£^ (j|-^ ^JliXI 4J3jJI ^yic Jj .^->lt • 

. 4.^-iae-U3 2^. I j-SJ I (ja^aJ Ly-*-*" j'^'i ^- (J^>-^ (jl <— < ^ > <- 1 4_Li,t-a 2 j * •"■ LJ 2 i| aJa 1 u) (J^=a * 




(Y -V)J^a^ 



_ro_ 












S ajlj^>JI <U*j-i -i'-ij^ LaJU£. JjLJJ irvj}-^' J-^ J^ 1 ~^ 

5 <JliljLiJI is-jj^Jj (JjIj-^uJI ^"jj-J C^V l2>^' J-^ 3 - 5 ' - ^ 

: ^Jllll JjJu>JI J^=? -Y 



«Jl>.jJ| 


a, fl ^tl 




r >ii 




^j-^/iil (JjUL^ 




(j-aiJI ->L^| 



- rn . 




4jJj-* uJI 4_Uj_*JI 4 ^=3lL»XI 

.tviffl() lliii)Tillf|.tvifill piln ill nnlnll niiiinq oll 
gftLUl jJ$iaJJ (U^aU 2uU)l 3>bVI 









1 




^' 



*^3 



^^ 



^\J\ «*•">. 



^ it^iw JJ^' t^ 













JaJt LtaJl (jyic ajLslg.1 (^Juo iSjjuoj 4 se i ia 1 1 Jj^JiJ (J Jl *-° (J-"^-^ " 



cjjl^o ^jJl qLjj^JI fj-j uluja »ljJt 4jsMis ^ I Rotery pumps j-jjjl^JI ^U-^ « a^ on 

. Centifugal pumps sjjiiaJl oL^aii • 
. Mixed flow pump okj-^^ 2Uh ^ t . 1 ^U^aJtl • 
. Axial flow pumps oLj^' ^j^' ^U^bll • 
jjjlj c~p- Impeller Sj^IjJ! ^^jlj (j-JIj 2Lp»j>t! L^b&ivl obj J ^-"Ij; s^jLLaJl olie <>>ti j.».<j o_l>. 







- rv - 













. LjJ ^jLiJI LkjpJ.1 (Jl 4jl3IjlU ^^IjiJI LkjpJ.1 (j_a 4jl3IjJI J}U* o-a iicjiaJ.I J^b *-jU,I ^J-=el? 
r-j^eJ,' J_t£.J (Jj>-JlI| JlIc <Lcj_mJI '"" j*^"' a 4-lLcj aJijLLaJI <L3e I a I , I jjj° 'O^* T 5 -^^ ^ ~ ' J^~* u"IJ 

£jj^~" '**' (jJ-J'j U 4 La-t>J,l icj_ijJI 4^eILa (j^J 4_l1Ll1I '"'' JT - "'^ ' (V* icj-uill '**'■ j*^-" " ^jj^— 1 "" . iOjLkall 
4_u-uLai,l <Lcj_ui]| <L$j3tla (jy^S <LuLl1I icj-uJI 4_$jstla Lai i 4jl3|jJL1 ^i-ljJIj (jr 3*jL>JI ila-tsc all 4_u-uLa_a 
(jr ^3 Of 4_jjljJI Lai 4 t ^A-^"-<- a cr^*-LL>. (j-u *-jLU <L^=j^v. <jL>ol (JlLaj <jJ-llj a.SjLka]l <L>-_aj_ll ?-LL>iJ 
L#j (J-a-*J (_ 3 J-J1 4_2jj_LaJI ^yic J-alJJtJ ^-Aj « V 4 a i la 1 , 1 icj_uJlj <Uj-uLaJtl <U1j_ijJI (j-u Sja uaj*ll AJjIjJI 

. 1—dJj i^wllj <JllljjjJI JJlC (jyic J-aTu tJ L&jjJlj (_jJ-llj 4Jr i >i 1, 1 
. 4JejiiaJLl Jar iSjjJa ^Ir J-aTnj Vj 4_*sl JlII i^jjJ,! 4j*_o*I i_alj^>ol ^Lc jLaI*I& /? AjjIjJI La| 




l DjllaJl 4J&jiim 4j^Ij J}L». jjLjj^>JI 7r_L(->)jj 



«t_j|j 2j ' » LtaJ I 4-^jl a i nil <-— » 1 J 4_p*j)j_ll <L^_L>-2l jjjo ^A LZLaV JJiC (j_a ^JJ^~ '**'**' "LslsIjlII 4_>-j)jJ,l (j| (jlaj^ajj 

/M * * I j", r I A^ jj^" O-p- 4ir LgaXl Ji-b SILtaJI 4- fLuJj Jl»-jJ V 
3 «l Ult Ljl i n a jj ^— j Si&jLa all jjj ) "'II Jj of iJaLta (jl d. j*w 3 «l taJl 4_bL*-a 4_)Li^= I Lt^a aj liilj-lj 

: (jr jfc 4J.3Lt.all 4_L(-r> LjjJ I AJUjLtajl (ja ^— uj ' 4jl3Ijl1I ^ U , ,,lj < » M a 1 1 4^>>j-La-U 

r<y = pgQH (X -\) 



lJLxVI j>a (^LZLa V JJmJj «jLail 4_l1LUI SjjJaiJl ilj^^JI H 

. 4-LtJBjVl 4_UJL>JI pjl III" g 



^jjalll ^£. ^ 



T 



a i 



. ^Ul ^li^= yO 



_ Th. 



4aUil4J>*IJI plajm ^U^Ijl^jjJl^llUifrlluSj 




(jlaj-ijj 4_^aj^>Jl 4_l«^= *|_ j.l<Tl?1 (Jjm-a (_£jL-uJ Jj^jlLI j_jjJuJ| aJ-C (JL3 <l^=j^>JI ^ j -t^— ' 4-J.iL*-a La I 
(jr JLl 4-i_iJ?bjJI 4JL-i*a_JI (jj ^— J ^LLJLlS < ^ 2 <jr^J^*^'j '"l «-ijL-taiJ (jt 1»*IjlJI j La^JI ' ajua-j (j| 

T - pQ(v 2 r 2 cosa 2 -v x r x cosdrj (v -y) 

: ^yk: J^ir*j (V -Y) j (Y ->) <jrytaL*Jll (j-aj 



// = — (v 2 r 2 cos<2 2 -v^coscrj 
g 

l_fl-La-l <5U>oLi £jj ^— ■**' V j icj-ujJI 4^eILa ^jLa tiUj-ij i j La-SJl (_Ji^a_l <jL>oLi ?7jL>Jl ^1 uJij^C I j **■" a 

a = 90° (ji^l Jill Ja-pe-»H (jj/LJLl ^ylc 4J.ij.aX. (j^ajj jJa2JI 

// = — (v 2 r 2 cos a 2 -v l r l cos a J (y -y) 

g 



<» M 2 V 2u (V -£) 

; 2 r 2 cos a 2 



H = — v r cos a 



g 8 

icj_uiJl Ja 2 i u a *_a dJuJ-^aj 4_st3l jJI j-Li3 i_fl-LaJ *_a ujjJa <_ < i uLuj 4Jj^j>J| (jf 'LSjLuiJI 4jjL*i,l tcjJsjjj 



*. <j-LCjj ^Jl ' " ' I 3e i ta 1 , 1 «|_ JuSlj-iiJI p i a2Jj 
. ' •''JJ » -V< 1 1 *-)j-a *_a LujjLlLo ) <LaJ| ^j-* 3 Pj-"' ''-*-* UJ*"""'JJ <£ays*l\ tfLsol 

fy =^G 2 (v -o) 



. 4 3e i '--> 1 1 £_ 4Jj^>JI pLuJ? J-aLc ^-J 



U 



I O 



_ r* _ 













£> 






LlJI i aAll 4_c_l3 <- 



Z ^ = h i +h : 






L£l3 JuSljjiJI iSj^LAJ 4-3e i Ja I , I (j-al^i- ^-be-La (^-"0 U^"" 1 < ' 4-JL3 <uLl3Jl!| *§_ <JliljjjJI jjj° -iJ^«-« -iJt-C (J->-l (j-^J 

4_jjljJ 4_iL\C a| 4_jj_kaj Q_ )L^=3 slj_<-u a >jl LaJl Sjejiia t u 4_<^>L>JI '"'' .;'"" (' - Y) J^""" 1 "■ II 7t "-^J£3 

lLs ^-tl Lai i &^zJs>. K $\ jjjs oLilaV J>Jl*J 4JjJiil!l ^ se i a 1 1 ^^l^i- ^J^^?! ,U-Ltl JlLcJ C--p- /?2 ^ -^ LijIjuLa 

0jt_j»- (jr -ic ' j ' a pj- 1 J ^~* 1 " N J aAXl 4_J3LkaJI Cjl_tIr*_Lo (JJLalLa jJu < u 11 j^_>Ju J* ml aJij-js-jJU CjLjJj*_UI Lai 

. (j^-Lbe-LU f-j^j5txi J .-V<tl .U-^-tl (JiLcJJ (V ~"0j (^ ~0) (j-Gj^mi «4- ijJ-ULSex 
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^A - ~^~~ (V -V) 

£jtj 4_LcaLaJI »j 1 * 1 a. 1 1 4^1 in U (J^Li^ jj_a 4_ulj 2j_a 4_jl3| jJI J I -S3-JU3 4-jl3| jJI jj_a (Jjl mil 7TJ-><J 

(jll 4_J>-JjJ>- jj_a 4_Lal_^a <>J>JJ (J-^f -ij-S-ttil f O -A-->Jl I JUij i ksr- i'r\ oil (^^a-jLisJI jl JLj>JI O^-JJ BjljjJI <Lt3| jj| 

Internal leakage ^^IjJI ^ju^tl ^jJI sjl^j (a^-Jl 1 ju*> ^^ jiLaj . s^jUaJi j\ s_uIj 2j_a <u^o 

■ #int j-^J- 1 ^ ^ J-AJ13 



'int 



E ^ = (V -A) 



'mt 



G + fc 

LjJLa AluLill *!jl>.V! *_a isej^aJLl (j-a i^ajjtiJtl eljj^Vl LdL^zaZLa.1 £j£, S-i^a-uL^a-JLl JLSlj-ill r-_IUj 

. o^Lcl O^LUI <-.l r l A^-tl <_sj_tis Jo-al*- (^ Onfall 4_jJL^=J1 ; r l A^-tl jj^- j dilJUj 
E = E m' E mt' E h (V "W 

/__! 1)^.^=3 r-LIiLa 4 La 1 ulaJ 4_jV^a»JJ 2 J_3- aJ! ^_ p ^— i -»■" 1 1 <u_) J < _J_ai < u ILl j| JLajU 4jV^a\_a 2 JL3-J >^9-J dh° *J-l2?3 

: /y&J 4j»_3tjJI *l >->-l *Lul I JJ'*" 4_aJLa-"i i all 2\^>.2! (j-LLtJ *uj 4 i ^>'" 2jLs-aJ! /yic JL^ ajj t 

(Jl t^LTiaj C.._o- ra-ual )-=>- A La i ulaj (J-i_^> alLil r<U-jj < Z)Z1 (_^JLj pjj-^J ''•*'* ' ^ ^j "' J^ "J DFX JjjLi. a La-La 

(J^l_3. (j-^J (J-il < n II «_a->o (j-aj < )l < u *>t (j^j-LI (jo/LiB icl_tj >^ajj ^j_a JLjVj ODVJtflfTl (Ja-la ^aolalj -^ 4_j^Lj 

t 4 se '^-> 1 ,1 «.| Jl /— JbeJLa («-<-"J (j-a t j' :: ~ a i" 11 fid-d dJUjij ^^bjLjJI (JJLil^ < )1 < n -»- <u_i (J-il < nil 4 j ^aa jj^jJI ib>jL^ 

^LLa-a jaa-ij/JLl ■ JbeJul jij ^-» ) V A-jV^ajJ,! 2j_>-aj| T^jLita J_Ic ^^JuJI ^_ p' : -— ■ -- ) CjLaLa-^> J>ar>-aJ 4jc_ujj 

(_3jl_>JI a I i i ^> II (jia-i ILa )>_l^i a-aj i La i i ga II (j^— ' 4_B^L»J| Vjt JljJLjo (aj-Li I j-l ' 4_jV^a)JJ 2j_>-aj| 4 se i ga a *lj2 

. i ( , ila-Liis (J^=i JLlC ^/ J^£jCJl JLiJL><j <u (^jL^JI a La-caJ I Jjj>la jjX- ' La i i ga 1 1 jlJLiLa da-uis t j' : ~~ ■ ^i ' dJJJLij 
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Jaallul^J*> 



(jJLcl i (JjLJhJI a I -t i -*> 1 1 4_ajQita <JliL^l3 Jt_Lc i La » i ia 1 1 ^j ■ ■> ^ * a al JlJt"i i nLi -» e i La » i Ja 1 1 (jj/LlSJ - £ 
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ijijL (3JL>JI ^Ljj^sJI 



x-jJsjJLI i^l <Lc\ i ii ll <_ijl_ic ^ '^""■j >• 0L^>ol A- 4-iia lSjO ajljLi 4_aJuita CjL^IL3 (_gjU>JI al -t ua ll 
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bar /^, Wii. Ml 



7r*r flJ j*J9 < -*g JaJt La (J-^= Jl_Lc -Z-Z-; <5jl JlJLo ^JjLMI ^j-* 3 (Q-^e->- Jjj-i fj^-M t (JhOJ-JI O""^!-^ 
(3-LLi I Jul (<s-J lJlSjIu <jP->- icLMI <_ijLic i^aj^v. ^Lsol 2_ 4jj|j)L ^LoL^= Lsela (JjLJsJI aL»-lMI 
0jl JlJLo >w. x_*j5el(j aj^M_II t (JjsMI jL J jL;e ^ 1 e L * 3 -* '^ (J - ^ 3 Jl ^ c (*^J Lr*"!^ Lr^ - f k >-*- L MI 

. ^IML ^LkJI JjJu>JI 4- ^IMI oj^j jM^' 4- 2£ 
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y-60 
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3 JL>-^J 



2 JiUSlI J 



Jt_*-a (- I ( n~>-l 



4- l—*^3 o''J'" H J>^' (JJ-^C- , 6 jMLcb-Jlj (^jL-aJI J>^>Jll (jJ-C <*£ (JjU 4_J3>L*JI * rnjl 

(Y -0) J^-,,MI 
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U^= jii-a o'j^ <JI 



Li lit i nil s.Lul (JjLjiJI ^j" i ii a (ja^aJ C^-ir»o (JjL-u f-3j-J ajijlla ^ ae cla a 



-r 



T 



T 
JL 



. <2 = 0.04m 3 -.Sec" 1 ^IjlI^ lJijj-^Lij 

: ^JLLa (. i i n->.l 
: jl^— Ijl 4ir iMI Ji*jLa JU£. .U;,>>tl -| 

/j=8m & h s =2m & d 1 =150mm & K x =lmm & JX=5.4 

l 2 =5m & h d =3m & d 2 =\50mm & K 2 =lmm & ^^=6.8 

. P m = \9.62kpa ^jL^j ^^kJI jlJJJI 4- .Ui.Ml jL LJLi 

. l 9 = 1.307-10^m 2 -^c- 1 ^^LJI^jjJj 80% 
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7.4/ / o£?C j ^Jj ' '***' O^ 3 '-*^ ' ^'JJ-^ ^-J-*-" J-"-*^ Jj^~* 1 ' <-£-!j-^*-"J-> C-Jajj aJijlJa * se tia a — T 

3360 W jjlSuU sjjlSjj 1420 rev /min JJJy l^jj^j < 14 .6m l^u^^j 

5 4JLJ3jJL) ajjj ) * ♦ 
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4jJj-* uJI 4_Uj_*JI 4 ^=3lL»XI 

.tviffl() lliii)Tillf|.tvifill piln ill nnlnll niiiinq oll 
gftLUl ^iaJJ (ftAuul 2uU)l 3>bV I 
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^\J\ «*•">. 



t y$ i&y~* JJ^' t^ 







: (J-lcjj ^1 x_)lji,l 4^3j^>- p i u a " 

♦.Steady flow ^IUI^j^I -^ 

■a 2 La ' 1 , 1 *§_ a J j-j»- jJ, I (JjLjiJl CjLjjJjv. *_La->«J tilJj CjJl^»o j_iiILj La-Lp- I j '^— i ^ j Ju J JuSj 4_IuU l_iLjjJj>JI 

t Turbulent XwIjjUI^^I -t 

4 j i n Itu l_iLjjJj>J| pLtijI ^ j a" i n oj.Lt] <_lLJj jj-^- 7f" 'JJ p Lali ' a j ; <* (JjLluJI (jLj—m £jj ^~*,' J.'^J? 
(j-uu-iL) 4_a3JlJ <Lc.j_<_uj jJjLuiJl LkaJt-La (j-* 3 (J-^ 3 (J-^ » La-Si, I 4luU 4_ij_l)I A- (JjL-u <— il i u m LaJuLcj . I j «^>» J 
(_)^a-LJ (_£JJI 4_J3LLaJI «.L<L) ^jjjLJS jj-^ til-li 7e ' ^"'J • (3^^^ h-LW- 1 ^ 4_ajlJLo (JLa-AJ jLlC tilljij « * LaiLa (<jl JuLc 
jf t ^^jL*. jj i^a jj^ 3 (JSLluU 4lLLa £aLb1 ajLC 4_JL>. '£- £blj JIoj (J^JllLI JjLhiU 2A^-^\\ ^aLLaJI £jf ^jic 

. sGJsLLa ^ya {Jgjuil (JjLloJI JloS 
Jl_lC lilJjij « 4-LaJt lo ^J Li! Li j-l<Tljj « L$j (JjLcuJI (JLjj._lu 4X.j_m j-l<Tlj 4_i^jjI x LaiLa «L>.1 i n a j_l<Ilj LajL_Lc 
(JjLuiJl J S-dJ jl (jr >-jL>. jJLLta a ( j- a (_pl i ii II (j)\ 4_J3l_La i fll iJa-J ji LoJlIcj . 4^>»1 i n U <?JulC j-l<T<j (_£JJI XJ-bjJll 
c_t_uLJI a) Jiir" i ill J_t£.j « 4-Lai La «|_ (_p3Lai»oLi ^ )j 9e i ^> a £jj^~" '**' (JjLluJI icj^jj ^^3 U" ' 4 ^<^LLa ^jj 3 '*j-^ 
. ^j^» ' ' I j ua * ' i_c_L)LiVl (JjuaJS (jJ-I' 4_JjJUI <J_)^_Li5jJl Jilc IJlC '"' '' ' j La2j| (_>LaJ » La a 1 , 1 aj-j J~ i n a ^ -t La!i « a 
c_t_uLJVl J—lcTu C.._l>- 4 i mi -v. jl «.Llu_Lo Lai l-ijjLJ^L] 4_lL>-I jJI yz La i uj| £jj^~" '**' (-aJuV! /T^1J| '*-^i>^ s '- ' ' n">-J 
(Jli 1j-l<TlJ I *Lj*_lli 4_l!jJLu Cj^Ll^jJI JlJ£. (_^k^-<^' 4: ' . ' ^J ' ^ < - J ^ > ^ ^ *^— - ■ 'j -<- La i oJl 4\jj mi-v- i>-jj ( _p3Lai»oLi 

li!L^3lo>I cjjjl^ ,J\ 4_ij^tjf '£- (JjLloJI oLtH-" lS^3 <■ <^>!M-^>JI * J^* J^ » Uatl 2_ cjjl>o ^jJI 4i>.LUI 

<- 1 1 ii ~>»j 4_jjIj^>> 4_^LLa ^Jl (JjLluJI 4_^LLa jj_a *j- J> ' (Jj^**^ (j)\ t£^$£ ^° ^_ t L>-IjlII <_jj_uVI (j'j^^J (JjLluJI (j^- 1 
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L$-d »1 i ii Ul c_t_uuVI 4_ajlJLo jj-« JJ^=I -»■ U , ,,VI 4_uiii»JI (-.t-ulJ^LI (jj^JuJl ijojLSjOJ « 4_j^jjVI jl Jl>-j jJjLuiJI 
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4_)j^5ejJI Cjl_jj^3_a Cc-liTu jcILj (_3_lL«j 4_t*£j_Laj (JjLuiJl .}lj_a2 4_aj^UI 4jj^=jJ,l «Jl>-jJI ^j-* 3 *i>^-"' £jj^~'"'" 

jcj-j /- la»j < Ja-i < h iyju\ <La 4_j^G 4_)j^5ejJI i . - 1 tajj 0_p» DZjL (J^3J_j pjj_aj Oai lis (jj/LJLoj L)L) 1 
<_t_uLj| icj^jjtaj U.£;.Z (3^- (* Lq-cgi j JJ-T J '"'' selLfljl (jyjL-LJ p^—- "- ' jnUia J-^3^ (j-* 5 ^ L - 1 '^' J^^ 1 -^' ^- (ft^a-SelLlI 

20L 

(jjJI ^ L<a 1 1 , 1 (Jl (_£Ji|_I,l 4_jj^3jJ,l 3j_j»-jJI r-j^rta J_Lc p*^~ »-3eILll aL»lj Ja ulo x_a (jjljuLa Jj^ JlJ j-3_a3 

^ ' ' * ^ min 

<_a_ulJ2| £j-C JaJLIa 1 1 Jjj-*-J (3-LtJ' >La-u3 (j-L<J /« al^raj c_c_li u 2 I j-^j-iu plu LaJ_t£.j < 4_ij^seILJI I flolc ^j^o 
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4-ajLJr" ( ii U ojJI jJI <J1ilJ^^3lX /_ Laglaj* j (<5-<-uj 
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. i Ui i>>tl a_JoIjj». La Jiir" i ii a (£ - Y) 

. ajL3*jJLi (j-aLiJl (Jji u.i"ll 7-LLLa (JjjJa (\c jJjL-uJl J|Juo2 4jJ^=j_U «Jl>-jJ| (Jjt <""< ) pJ3 

/-Jul t Jj»- i n l, I r£l JoJLl^JI (j ig ^— i ' C'-lxj . 1-n « i >< 1 1 Jlj>- aUjzj Jo "^> ' *j Jjlijl p>L»x^ (3-^-' 



. lJlS^Hj (jP->- icLuJI <_ijLac 4_^aj^v. ^j u^jlC <jL>oI «|_ 4_iia-iJLo ajljLi LsLj 
. (jjJ-iJ' <*■ a <<"> T^-^J ' 4_a^L«JI (jP->- p^— ■-»■'*' " aL^-iij tcJuLi p^3j Auil (JJ-iJ' ^- l ^ s J lV 3 '^-*' 
9cJLa ■ - (J a-c^ aJ aJ^LjI (jja\_ll '- ' ' " "**■ 9 ' ' ^ (J "' J/ 1 A ** ' 'J.' "C^ JoJLiiaJl 4_ *_l3 JJlj>- 
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^ (33Ju-JI <J1)LlS Jiic ij^jj^l *§_ ^jLjj-uiJI 4_ajlJLa lJlSoIu LiLa (jylc - Y 

S ^jLjj i nit t_ujlJV! <LajL<Lo 4_ij^>o ' a <-^ - Y 

? ' . i axil j^gj" ( n a (Jl Ji_aJ3jJI I j^* 1 * (tJaAseJb (jJ-Jl 4-J-Laj-JI o_pjl!l (jr Ji Lai 
. ( £ - V) J^— ■ LttJl ' tcjJsjjo jjfc I -t^— ■ . 3. ^^^ ' . - Sj 1 1 4-3»l i n a ^jLi Laic 
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4jJj-* uJI 4_Uj_*JI 4 ^=3lL»XI 

.tviffl() lliii)Tillf|.tvifill piln ill nnlnll niiiinq oll 
gftLUl jJ$iaJJ (U^aU 2uU)l 3>bVI 
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t y$ i&y~* j^ 1 t^ 







L^JaIL>o ur*^' ^LJ'j^-J'J S^-J^ CT^ 4 -'r! J '- a ^J-^- 1 J-H-^ *-jlji,L3 . ^ t"^— ■ tl jjjljj 4-JL>. (jyle lLi^Lso (_£j-^>-l aj-Sj 
flj_SJI 0j_& <— il i ii ~>» (jl . (jjljjj 4_JL>. *§_ x_j|ji,l (J_tr>o (_£j^>-l ajJLi ajJiJl aJJtt ajL2j <J1i b I jj»J I j <LlCj VI <?Jufcj 
*_j|jJtl «|_ (j^a_3 dll si j^| Jlj^jj V 4_JV Ij_ ksj . La^_<j G j_^=j_a j LgjLiL>olj I j"-v'* jL>ol < jr -lc <— d_3alu 
4_l!LaJ,lj 4-3*1 i n U aJlj^j (jj-^- W-^J"*^- 'LPj-^ aj-Si' (jr-* a -ia-^-J-l 1 a Ji_p*jJI ajJiJl ^LLlS « ^taJL-LS ^ I^al i uJI 

CLA. 4j>-Lcu a (_3— ic j3J_j j<i^ Jl *§_ 4_ jjfel '" a V aj-<-i <-^ 

P = — : .UiiM lia 

dA 

(o -0 
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P = — N 



A /m 2 

: pLajjVI *_a 4_Ll*JI olut (jyic JaJLtiaJ I j^j-*3 (j^ AHjlii L^laLl^a jJt-LtaJI £— 4_ufcl_iILa V 4-LlC (jf ^psj-iiJj 

— = ~/# (o -Y) 

dz 

L-cmlrJI ^^yic JjG 4_JLaJI SjLi^lj (^aLoJI t^^' 4- f-La2jV1 x_a .U;,^tl j_jg SJbLoJI £a}L*JI 7^=jj 
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p-p =-r{z-z ) (o -r) 

j^>JI ■» La i oil J_t£. (JjLjJI jLsoj s-'^iJl LkaJLus (jft^aj (j| (jlapjaj o JLCJ (0 _ Y) J^— ■ uJl I ^cjjajjo j_& I -t^— ■ 

■ k>*a j"'^'J i La » ' a JL3>.1 *li C--p» I j fl-io 

p = y.h = p.g.h (o -£) 




(0 -Y)J^=u 
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Jai >>i!l aJui ^Utj (_£J-JI / ' - PS (jt^-J - ^' OJJ^' 4r (J- uJ ' j: ? e -'-^ (JjLjJI £ja -ij-*C f-Lajjl JiL^j 4_Jj_*r>JI 
jjj Ljj (j_a 'J1'* f LdJ j Ll I jH'i ' ^j^~* < ' LkajLiia (_£ I a Juli (j I TlLZJ i u < (j I * J'^"' ■ •• ' ^3 J ' " '- 4 - 4 ' P ™ J ' ^-^9 
(JjLjj (j_a ** * ' (_£' ^r ' ' 4-}j-4->-J (j"*-*-« i£j" i ii a i^yC pLajjVl (j_a (J^ 3 f'3 JiS *- a U^ Cr^ J • 0^-*^° 

. aHiLj ^ j-t^— ■ (jr 4 (j^=L-U 
P Po 
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x Jba$2\ 

4_t3 /- ^""■j" l" i uVI JaJLiia ll (jj/LjJS -i'j-1' (JjLuiJI 4_i x-iJsjj (_p3^». j-3j3 (j_a "-&J* ^-ij-^*-*-^ <>Jufc slj^-'^f 
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X JaJlul>k£ 

. (_ 1 i nLLa (_p3aj»- *2_ (_pLjij| *-ti — 1 

. (JjLuJI <jr ,lc (_^^IL>o (^ JJI (_p3jj>JI £_ <■ 1 mi-La fLaJjl (jy-^ 4-LaJiJ JljJu^Iu jcJ3 — Y 

. (JjLuJI •»■ La 1 u ^1 L#jJl>. (jjJI 4Ja2l!l fLajjl '- ■ ci">-l — T 
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rfijrt" ( ii U tlai«JI j!jlt»oI Jl3>jIj Jl (JjLuJI J^l-i Jj^jlJIj r Jajt iJaJI (j-u 4J3^L*JI r<s-<-ujl .*\ 
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J 4JJI £- aJ Li «.U,I -»■ La i u Ccr>o (j-ajJij (_£ JJI ^j-~-~- tlul j t <*iij (Jlc - ^ 

tjru Jai-L^Jl^-j^JI jl^jT < j^o^12^_ 200m j 300m j^m ^ B j A ^i-.uy, -y 

. 1023% /m 3 ^juiUL, iiii^a (jl c^c Ij| u^ikiUI 

. i-Llu L>ol Tcti j S ^ se La i u Jiic (Jj LuJ I LLaJt-La f-Lu p^~" ' - V 

ojl* ^ I jl 450Cm j Li^c 250Cm j V$L 300Cm ^UjI jl>. ^ s^SjJLI s^ig-ti s^iJi c_^J 

5 SJl^LUI 4- 4-La-^ ^yk. laJLiaJI L^jf ux-ui^l < 1000 % / YH 4^11= *Uj 
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4jJj-* uJI 4_Uj_*JI 4 ^=3lL»XI 

.tviffl() lliii)Tillf|.tvifill piln ill nnlnll niiiinq oll 
gftLUl jJ$iaJJ (U^aU 2uU)l 3>bVI 
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<\ 




^' 



*^3 



^^ 



^\J\ «*•">. 



t y$ i&y~* JJ^' t^ 













. (_,^— mIjjJl.lJI TC-LsLuJI jL#>- S-l-ilj (J J* nil 4_<_ulj_i 



ajLjj LjJtita ZLx£ «.U,I i—ka^Iu a Lai rj[^J>JI Jj^Lcl r<u Ijj ,%JlL«-d <_ij_ul (J}L»- s-La (J^SJlJ jLtlcL 



A. + _^ = 



P 2 . + v 2 



(1 -o 



/?g 2g /?g 2g 

i_2jJ^JI al Q 1^1! J^li-JI tjL *T l J (J^ ^LalJI ^1 (jl^ju.i" (Y) J ) (jl O-jP* 

4-lIcj V 2 = (jl Jlt»o a I -t LtaJ I (jJ-ij ^* J^-J 



p 2 = 



2^ 



(1 -Y) 



cLjJL-uJI fLajjl 4_,3^Ji-lJI Jj^jt-a (— ij La J .-.1*^ ^ U«" jAJ.t tl .*! tl 3 »l't ;tl SlLLaJI Jjjua • 

wz=Q°pgH x a -r) 

. si jlUI aLWi Ll*^= w;.„° oT ^p* 

. 4jjuiIL!l i ^j 2 i u pLfljjl //j 
W;=QZpg(H 2 -H x ) (1 -£) 

: 4_jJLlJ1 Lu^LjJI aJS^IaJLi ^ La »" 7e-tiaJI ; r lA<^— • 



>7 



22 

a 



#2 



(1 -o) 



_ oA 













HAF = 



7T ° "^ 



;. i ( iiLLU Tc-taLu-U * ^1 J-uaj & »-tSJl <5jufcj 



IjJI 




(1 -))J^ui 

4_^aj^>JI 4_J9Lla a JlJt" i ii J 4_L^3_i]jjjLjji ^ Laj i ■■ ' 4_Li^a_a jj_ C SjLlC ^y^ajjjjj—ujl 7cJaL_uJI jl_$a«. 

ilajii i n 11 {j-a j-l£=>\ j_& (_£ JJIj (j-LJLA f-LflJjl ^J\ <— ll i n ill s-HI (j-a 0"^ ?=— ^ (JI <-^J-stlXI s-Ltl (j-* 3 -ij-**-! 

jj_a 4-4^> (J-<-aj-« U'j-^^'J ' ' . 'J ■ ' C^-^LP l£j" i ii U r ' la C * Oa-uia Ll (J-)L3 (J_aL>. < jr -Lc Cj_lLoj 4_jJl*j 



, Uj^,,, tl ^ j_«Ib (jiuL-LJI aUj^JI /- Lc jJ_*j>JI (jl_ 3 <_j^jj VL_) #.L_a jjj a aJl_C 4_JL>. A- I JlJ < ^ A P. 4- /\ 

, U» ,U. tlj <Ulj , n 11 aJLJJ Jl_Lcj t-Jj—U^I (J^L>- (j-jO jj^J,l_! ^Lq-U 9c <; i n " 0j_&J al -i Lta ll -»■" flJ /— ^ajjlj ■ - »■ 
(j -■^—■1 »t I «_3jJI j . ■% I o ■ ->> 1 1 JjJLijj ^j^jLj^JI jJ_<tr»JI ^-Lc t—JLiTu (,"•>. -i'-ij - ^ (*L»jLgaJI J A . ..I -y^aLxal «j. ) tl 
4_tsL^=> 7t_L^aJ (jpLIIj o Jl^iLUI £_ ilaJLtlaJl iL. a >j La a o-iLj) ^^^J Sr'J^- 1 ^' 4- *^' Ir^ 1 ^alui 11 ^UtiJI 
4_^aj^>JI 4_L*^a J se g iia-3 LaJt_Lcj aL»jL.a-j| (J^L>- #.HI ^j-jO 4_l«^3 JjJajj (jr JL>.j^Ul ' ^Jj Ltalul aUu: TtluaJ 
?rJLa 4_a^LjJj< pj^.jJI ajLC a I -i i a 1 (J-Lc. LjJu^a ijJLa^l Sqjrttl ^J\ JaJLuaJl Jjju JlcL^sJI <_jjjJ^I ^_ sLJJ 

_ M _ 













iVit <>i 1 (jlaj-Jtilj ^jlj-JsJI *|_ (jj/j—LT'Jll s-lj-JI (J-**J C — - p > <jL^>oVI (^jLj^^I i—dJj i^i "11 AL,q_ L£> (3j-^ Cc- iT l U 
(<UiLJ (Jjljl^j ' ^Jj ' a "' ^ '^*J ''JJ^ 1 — ' l£>J-J'j ' ' *JJ La-Hi I aU-^3 ' j*ijl_LJ| j-JlLII < La » i a U a J-3e o^— i rj)j^>JI 
(J-JLc C-ll J-^-j (jr-1^- A-lSLjJs^I J "«^-i t' <5J_4 (J_$-*J C.._p> A-LsLiJal J "^-— i ' (_>iaJL_L!l a. Lq_ua 1 1 t J_L»--»o m ^— i i I J 
JJ^JlIII J • ' La j JjLeaJ 1 (J^Lae-q usV j < ^— ■! LLaj-t-iJj CjJlt»o Lfcjjju (jJ-J'j (jj^JuJJ *t> '.'^~' <-^-1lCj_<-u J_lC a I -i uall 
(Jl p LajjVl j-LtlLa (J_aL>. (_ r -l-C 4JLlLo i-Jj-a 4_ij_ul ^ La i ul aj Jlj>-1j ^ £ — '^JJ ' J, 7t-Lal— uJI jl j^- ^j_a ^jLjsJI 

2»rto.fe«.c 





<^ 






p.;, 



_Y SyjoAN 













J 



r 
i 



J-n 






_ n . _ 







. Ajjiilll *Lij iL^ljJI i_4jLi^n J-<^5jj Li^LjJjjjLjiJI 3 < a - 1 1 M** | 5jJl«iII ijlj-^ ^= ~Y 

. /_ ^— i j tjj JLfrJ I TtlaLuJl jL^j>o JjJaJI ajj^-uLo Jj^s - T 

. jL^JI tjlj^ 4jJuLl! s.U.1 JJJ-a (j-* J^^l-JJ 4^r >>lt,l (Jjt ililij jftJ3 - 

jjl 3 JlLoJ.1 ^JLajJIj ( _ r ^=LjJjjjL ; tjJI TcLaLuJI JL4J>J r-jJ»JI ajj^-uLo (jyic (jjiJJjJI a! q i^itl Ttlsl ~A 

. JjJaJI i La a 2 i uj AjJulLJI i kj 2 i u £_ya (J^= (j-^3 - ^ 

. A • is 1 1 . ' (jIV-*" <*' J^* - " ' "Li JaJt iJaJI (_^ajiie_La «.L«Jj JpSJuJ ' (J^-*- 13 '- ' ' ""*■' - ' * 

. 7TjJi-<3 jLlJco * La i ul aj r-j^>JI ajj_<_uLa ^j^ r* - iJai, I sLtl (3^^ (J^*- '-' '""*•' - ^ 

i La j a ■ ■■ (j\l f-LajjVI '£- ^kyd~^\ *_a (jiajUJI a I -i . ^tt ^Ui 4-ollita (JL^*^ 4_ij^eIL!I JlC? - \ Y 

. JjJaJI i ^j 2 i "J 4jJulLJ| 



. 1^ - 























ojy 
























H 2 








































































2 2° jrjj^l 












77 jL^»JI s»lrt^-> 















(1 -o Jjj^ 



Jl> 



. It - 













5 ^^-mJjjJl^I tcJsLuJI jL^v J-*£. JUTt-tJ I jLa ^^JLl -^ 
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4jJj-* uJI 4_Uj_*JI 4 ^=3lL»XI 

.tviffl() lliii)Tillf|.tvifill piln ill nnlnll niiiinq oll 
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3 



) 




-v 



*^3 



J*&* 



^\J\ «*•">. 



t y$ i&y~* j^ 1 t^ 







. 4J9j3 jjLj^JI 4_tJj.ij (jyiJiil j'^LI (3^Jll!I J-aLc (jj/LS 

(_£JlJI pj-tll J-^J 4_aL>JI (3-jSj pj-J (j-* 3 j- 4 <jr-^' j'^S^'-J ' ^^ > ^' <J-^JJ ^L^' d^j-^- ^'j'^JI o-* 

4_1 q2 LuXLa Ij'jLjfc /- <j( (i JuSj « (_£j_j>JI JaJLiia 11 (j-uLgTu 4-ifl mlj <5^l_cl {j-a i . -^— i • " LI, I «.U,I (jLcuJ £jj ^~*,' 
CLA. 4lo»l ( ii a bj l^3 Lc Lseia-m s-LaJu j-^><-ll ""• La i oJl (— ij i u < a qjh Jl J) *T* <jA*-J Jl>-LJ (JLSJuJI <0.}L*-a _}L>o2 

dA = y]2gh.dA (V -)) 

^yic (V "0 £s}L*JI Tj' •">**' 4-lIcj oA = 2Xuh (jf Ju>o ^yfLuUI jljlpil J^=J a< 4-«-uJlLa jj-a 4J1 C~p*J 

dQ = y[2gh.2xdh (V -Y) : ULUI ~ flJ> ^Jl 

X jIjlSjo j1^>o| (j^~> <i j (jy T i- tiU jIjl^U (J^~ i ("ill (V»j 

tan = — = =^> x = \H -rtltan— 

2 #-/* v ' 2 

: bulbil a>UJI JLi J-^^J J^I^-ILj (V -Y) a>UJI 2_ ^^^Lij 
G =— V27tan -H^ (y -r) 

» U £ 1 1 _}j_^.j >_ ii i n ) {j ^— ■ 1 » La-2-t.l «4- ^-"'J-^ J I (jj' ' ^"' '*-^ (J^P (jA^ i* ^ " L>^' O^ ^ =e -^ : *-'- i5 A^^I-«JI <5Jl4 

LJLlJI «jj<->tl ^^ic •»■ j i ^"j CxQ (3^JuJI J-aL»J 4-ajl i-ntl 4jjL«J,l 

Q =Cd — V27tan -H T (v-£) 



. 1£ - 







C/ AjjIjJI 4-c-il '"-''1^- U j a ^lIIa jl Jufc £_ (j^JuJI <— il (n-»J 4_aL*JI itaLstil (jr a> o jufcj 

/T = CJ — V^tan - : f ^^ 

: ^jtui j^uU i ^y ^uji ijjUi ^^ 
<2 = ^/ f (v -o) 

(J^L>- (jjj^>o (_P 3 9- J> - '4r *L-M o-J* 0^-*-^ (fl **">- f— Lq^reTu 4_<jjLiJ3 ^j^— ■ <a ' V,/ Lu-t-a JpSJij J V4J C.--p> 

4_J3^L*J I (j— « JV 4_a-tfl aj a J ^3 *|_ '_-■•■ >ij « j I Jl_J I (_3j-3 «. U I p L-dJJ 1 -H (j-u L-jJ3 (<s_j 4_Ll«jO 4_i_Loj ap-3 

^1 i n ->JI Ja i "j~t.l Ju»*LJ (<sJJ 4_LLSi,l JS. 4_»-l3 (- 1 1 ii -»oj (J^SJljJI 4_»-l3 j-ilATl) 4_jJU-*JI jj *^— i ) Set — J±-tl 

v - Y K 

" ... w ( 

^yLLa ^Hij (j^SjJaJI *2jjLc.^] Lj jus*l I jl Sj, ~ Kf* Lu-uL-uVl 4J3>L*JI £yt 

\ogQ = \ogK + ^\ogH 

4JS}J_*JI <J Jl4 lllla I jl m — ~ : 4IUj1 CxjIj 4JLa AjJilmx Jaj>. 4_J.iL*-a ^^ 4_J.iL*i,l o JJt> 

IjJI JJ^ll J-a 4_slLsL2j 4_Li2J jLa m = ~ CxjIj «tJLa Ls-Jiluix I r o < njj lOg Q < lOg H ^jlmXI £_ 

. K. 4-^fS -il^jl ^j^-— <j 4_Laj lOg K. CxjLUI Jlt>JI 4-a-il (, La »" 



_ no _ 













4JLlL^J J_kl Ju>.aj /p3a^>- *2_ ( -*^— i i u Lg (Ji-jJH (jl\^>- (j_a e-\-\\ rjJ>o t^.._t>- <LJe_i^>3 ^ la i ula-1 jJj>-JlI,I (jl3-*" 



Ju>- aj ^j ii i **- a 



Ua ••■! 



•-UI 



laj #.LJ,1 x_a^>o 4_t 



4_La. 



^'-g ,^^^-tl 



y 



. 4j>-jJ_a aj U , ,, a d U , ,,lj < rl £.m pLflJjl (jj/Lj^ t*-yj 




(V -))J^ 
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. 4 se tiaJ ,1 Jjt mi" t («J9 ~~ i 

H (^iJiLI jIj^JI <_P=_p- 4- *m fj-^b' t_c^o-l 



aj ' >^— 4_La ^—- 1 



' " ■ 'I ^— ■ I i '^— i 4JI 4 Un-s.^ ^ «_a lj»^^i (j-4J <- 1 1 ri^lj fill jjjs 4_Lm.a 4 j i^— i jJl>- 

. J. Vat iajJI cxJL^s Ui^s 



(j_a JV 4-q-ia <_< 



. sJa-S-LJU pj^' 1 4-fllJ3eja )_olJLa *_a CjI )_a 2jLC ,J| Y ^j_a ( " 1 1 j La -»- 1 1 j 

. ^f = 4Ja}L*J1 ^ 4 La ■ -j" t 1 Js. 4_^La t 



CJ = 



15 £ 

,/2e tan — 

^ 2 



4Ja}J_*JI (JJS Cd (J^jLlII JUat 4_a_tJ3 (_l^oT 



-T 

-r 

-£ 

-o 

-1 
-v 

-A 



CQ 4-4_l3 J-^-jl ( _ ;r aIijjLc.jlI (J- L La T iJ 1 a\ti i n\jj 
jljLpJ! ^_ H «.UI pLijjl *_a Cd J^JllH JUat j-<iu ljr lsalM fU-ujI 





















V <*«JI 




















' L>-PI 




















a- v - 
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HjIj^I^^UI^USjI 
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H 2 




















logH 




















logQ 




















k 




















Cd 



(V -\) Jj jo. 



Jb. 
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(V -Y)J^^ 



_ nA 
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(v -r)j^i 
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5 ^ l IT l U jljijjl <L)j^>o i ax<a .Y 
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.tvifflp ll LyjiUlg .cvinl l piln ill rinlnll ri q p 1 1 

gftLUl jJ$iaJJ (U^aU 2uU)l 3>bVI 






3 



n 




^ 



*^3 



^^ 



^\J\ «*•">. 



t y$ i&y~* JJ^' t^ 







u^titf I <£ ^^j) ^j jjjjjj, tejtZ 

' . 'J oWj^?^' (Jl 4-J-JL^<- 1 '^ * Sla-u, I j-J-g (—SeJlJua II (jl_Jj^>JI (j-* 3 (J *-£> J ?^ ' J- 1 -*^ aJlAI mi a 
. ,j^*» i II I n ft J i ta * ' x_a I a j""J ' £ "3 < ijJa-tia V la ■ *»■ a i<aJI (ju>j>JI ^j- 13 J^"" ' ' 4-C w-aJl x-jjaj /— Lrc-La <U_uljJia 

plj_il jj— « pj— i J ^~ l ^ (jl_jj^>Jl lLs^ mi 1 LJiSj i a !"->-' 1— ^jLi (Jj|jjji_!l «|_ ^jLjj^JI 4_slj_lL3 j— l^Tu 
CjUsoV 4_jx_ujj a ^ AAV aLc JJlJjJjj jsJL*JI Jlj».j JlJlJj « 4_jjJl>. <J1)VLj».j <>JijJl_^j 4_j|j_i^-d (jLJj^Jl 

: (j^Aj jjJj-(Jj (*^J-J Ct-LCJ j «Laj-uL) Julj L»-l3 i.'mhi u « ^^ ULJ « ^r!-*^ 3 a JljJlC 

// ( A -1) 

.^li^=JI yO 

. (JJJ-a j_pLuJ s-lxjus (jl \j>o ^ I ^" a <5jaj«ja Jt_t£.a < lajjVI (JaSo * LaJLa *2_ (gs « mi 4.jJl*j 

: u 3tA&l\ jb>*I! -1 

4-Cj in 11 4_!U- 4- ^-^^di , <tl ^— 1>.VI _. 4J iJs^Lc Vj .U S^ i^ajUl <j_c jjLj jjLj^JI (j_a fj^II '^-* 4- 

/? <2000 



. v^ . 






Y — < ^ < YA-. ■• 03^-3 

. LaLa_> «.L_lLi LLaJQitaj tt—iJ? I J j-i_C j I jj La 1 ta aj I » U S" ^ Q^JLLI J " 1 u 11 Ja ■■>- £jj ^~*J ' : ^!^J 

»j u ^— 1 II »_LaLSi,lj icj_uiJl 4_JL>. *|_ CjJlj>oj -»■ La 1 u II ^Jj-iTu-t>.j 1 ill ^-— tIL>. j I (\c py-Ju <Oj-*r>iJl pLuJ? £jj^~ 'JJ 

: U3^L9 

# e > YA-. 

^jLj^JI (jL^3 I J| lJjJILso 4ZL*_ulaj « «GV.}L*-aj (jLj^>JI pJ-i-J <UL><JI oJJb £- (jr Lai»JI 4jj-*r»Jl pLuJ? f-pJ j 

. Us-Lajiia^a at I ^-»- A.^. 

h f 

: (_£jjl^j 4jjL«-a_) J ~T~ J-&J /— LaJ»J I <Oj^>JI pLuJ? 4-«_l3 /- La «~j <LJj-iiai»J I j 

128-//-0 (A -Y) 



/ = 



7t-d A -y 



. <_j^jj^M jia-3 ^* 

: t~ a-LajtJI icj-uJI - Y 



v max = — (A -Y) 

16-// 



- VY - 



4i*UUl4J>*I}l (4&JUT ^U^^^JjjJUAJIi4aJ'5fli*i2j 



: a2!M_«JLi ^ La »j t-i^tj^l (jjs 7" f^J-ll £- icj-uiJI (jr bc-Lfl - T 



/•/ 2 

^= V max--^ r (A -£) 



r<- ^o. 
/=- (A -0) 

: LJLiJl LuJjLjJI 4J3}J_*JL) u La »" (^y^LajtJI 4x.j-i.oJ I -Y 



v max =v(l+1.136V7) (A -1) 



0.316 (A _ v) 

: 4_lIlI!| 4^^L«JLi /- La 5tJ ^aTuj Lc. jJj 1 ic.j_uJl ^jjj3 (jr Ire_La - £ 



r max V 8 %-r (A -A) 

. r < — t_>^Vl 2_ JlaJI r j jJanJI d jl d~p* 
Jl_cC 7cJ L<^5 j_(_C 4Xj i ii \\ *_jjjj ^ Lse ' " (jl (jr _LstAJ 4_JL^JV La (_gjl i n J V r (jl_3 7" — LoJl_Lc 4_j| i la 3».^ ' 

. I J rt(^ (_£jLuiJ (jl 4-^><J (jljJU>JI <-;-lj-^ iCj_UlJI (J2 (jljJU>JI 

(_£jLjiJ (jjJ'j is-jJul SJL-LaJI 4^3Lcjjj (J-"-d-> (j^* icj-uiJI ^jjjJ <0.}L*jO LfcJlic ■kAjuzH A Ur*^' ** " . 4^j| qi uj 

11 .6-5 (A - < \) 



<? 



8 

. LuLsLU^aJI i».jjJL!l Lr Jt, l? ,j| 



- vr_ 


















(jJlLol <_J^J-)j (A ~ ^ ) J^-— I ■"' (j Ml-"*- <— 1J-U| 

'J O^L/^?^' J Ly 96- ^ "^ Ohi^^? 1 ^' cr*^ ^r S-'tJ-'^^i' <4r icj-uJI f-^jjJ <5^-Cl *s-<-uj-JI (_p-4J 






S 1 




-J^*- 



2A\ sv.VI 2 s U ; t 1 J^ ,„| -Y 



/* 9 xr 

(A -T)J^u 



J -> 



la cla a - £ 






jlj^JI <_j^ icj^oJI £j)jJ 



- Vi - 













^JLcj siJ^ii. (j-* 3 U'dJ^?^' ^XP ' flLfl-ui ^ iljU , ,,l <_jj_u| 1 g-lic Ct-iTu 4_uJuljQ 3jiCL3 (j-* 5 J^?*^' •— ^^J 
2'.ljU ,„l t^ VI (j^a 4_uJl*J,I flJ_cUUI j_l<j j t jl_£j>JI ^Jl BjijIjJI <J1iLS^Jl1!I iL. p ^— — " 1 1 (j ii j -^a aJmlJUl 
(cH-J I t ^— . *>j 4 /—J HI 4-jJlJuJI <_jj_uL_i SJjLtaJLaj I j'-^"-* (J_aL^= < jr lc 4_l5ILo ajLLs (jylc (_£_a!L>i-! (_£j-^>-l *****' a "' 
Ct-it-a (_£j_ic ^j'-~-J, " n a' Jiir" i nl (JjjJa /^C sLaJJ CcJU ^gj" i n a (jylc 3 IaJil >JLl r*JJ_J 4-ll ala i - * ' (ji-l-i sLtl f-^jj^ 
ajj i nlJaaJI CjLx_Laj_) £j£. 3jLlC (JjLjiJI I Jl&j i (JjLjiJI (jylc (_£_a^><-) (j-aL>- s-LCj Jl>-jjj 4jI a La • a Jf I (jylcl <4r 
«L3l2jI jl (jjHI (JjLuiJI jlj_al_) 7t <i i uj (_JjJj #.LCjJI I Jufc j^r>oj . jjUj^>JI plj-il j_u-«-i (j_a ' ' '^~ l a ' C..-l>- 



I l i^l II ,')l v>. 



LluJI/v 



»UI Jjio 



w^ 




(A -r) Ji^i 



- Vo_ 



«>&£ 'fail*! I Sir- $) I 










t JaJlul$k£ 



.aj-tluLijO 4_j_<_u|jJ| 4_4jjaJ| jji-Juo (_33^ 7" j 1 taj (jP->- pLu^sJI jj^L>- ' fl-aj«jj UJ-U' 1 .' "^ O'j"^ ^-*- > 
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tjLj-mJI Jjm-a >— ccaa>l 0.6m/Sec Ls,jai icj^ujj 1 Smm i &j u ^ mUl r 1 1 1 ^ it , „ Lj . ^ 

5 l"^!l tjLjj-cuJI Jjm-aj ^^^o^tr.JI 
0.46m J^JlU JU£. 0j-LaJ3 (JLH' J » ^5* <— >( J 4-<u}<-« Aj^jJI '4r iSj-^ .UI;,^*Al 1 JjH j_uL *J)bs .Y 

03m 3 / Sec ^xu>J\ (jLj>xJI Jju^ (jl^= lips 0.15m ^idl jj^ ojlalj 

5 4_i^jJ>U ^jJtXIj (Ji»jJLl (j-a (J^ 3 Jl ^ 1 *^J-<-^l '- ' "i"**! 

»UI rji^jj 1.52m/Sec UjjLUcj-^.U.ny.ojjUJI »m r-lnjV (jLk^ 4- ->j^ *U1J^jy .T 

2.339kpa jjUI *UI J*.^ o^= lil o^LJI *m ,U;,^ j^j! < 15.2m,>jjii£LjjL> jjLJl 

5 983^ «uj| ,m ^li^, 998— uUI *UI ^li^= jLo^L 
m m ' ' 
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4jJj-* uJI 4_Uj_*JI 4 ^=3lL»XI 

.tviffl() lliii)Tillf|.tvifill piln ill nnlnll niiiinq oll 

gALUI >^aJj (Hamac! 2uU)ISjUVI 
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u 




^' 



>j3»J 



^^ 



^Ull 1 ^" 



^ it^iw j^ 1 t^ 













. A ±f~~ '.^JIJ K L\ * ' * .' (j-^L>^l ilaJLiiaJl (Jj/LlSJL aj_JL*-a «.lj^>.| 
JaJt LP i La ' i ta 1 1 ) (_£jl_cuj (j'jj^f lj ;J -j^-— i all ^y^~~ ' II (jjj-^ U^ L)13"*' ^-J*- 3 " - ^r ;J - ;^~ i M (ja^aj LoJ_Lc 



p = 



A 



. (j ■■ j^— L| 4j>*j 4-a»Li.u.fl (jyic j^jJLl J=ai uaJI Z' : (jl Ct^p 
1 i n <a It 4 1 1 n !JL) L^j j^j-Ll aj^il jl JlSjO ^ 



4.3* 



10 s " 



m 



4-10 6 



2 j-4 JU Jl>-Ij iK<i^i (jl 0~-p»J 



: LA j I JtJLa (ji) a aaJS /_Lajt-i 

-9.611 N 

F = PA ofc^. 



,, F .. 1a3 9.677 
M= — =>M= 10 

g 9.807 



= 986.1 gms 



*. (_^A jL * ,0 «CUjJ3 Jai^a j .,j^— 1 1 La »" 1 4_aj}UI 21"^— tl j) O-p-j 

986.7 „„„ , 
0.5&ar = = 493 Agms 



. ^r 







. ^jLutil ilaJt ilaJI as-lj^3 <jr^ ,^J ' " * a 
^gj Ltt-t, I JaJt ila.il — JaJt i ta 1 1 (jj/LuLo as-lj^9 e 

100 x - -^ • 

^jLjiil iU*<MI 

** *♦ 

: " a /j ■• [ 1 ~~ i ' I «L>. a 4j>- 1 i n a . l 
4j3Jl!I (J Lc j" ^j^p ^— i j i ' ^j .. i^— ■ 1 1 j Ua ( j J jLj^ (JjjJa (\c aj_(_L^3 <L>-jJl! I La -»- 1 1 Ijufc (J-jIS^ ^j^""" 1 * ' 

: 5 m ^jL^LaJt,! J"^-itl Q)j .Y 

. 4^jJI ^LC tj'j^ 1 

: Sjlj^JI i^jJ .V 



-alt.- 



I U-v- (J^~ 1 1 (jr *_upJI jJu>JI Jl^Lj sLLai-VI (J-«^><-i (jl ^j^—i <1JJ 



P = a 



AD 2 

: LJbJl Lu^LjJI 4j3}J_*JI J}L>- jj-a LLaj>, i»»jJ u naif J^JlSj ^j-^l^j ^taJLj 



- 5t - 













jJ3a_I<j ^ Jul a i LaJ> L*a '1 /yul xaj ^yi^joj q uL}-2 a 5 vjulI ;> Jl?-" i u ) JaJLtiaJl (jjijjULa aj-iuti, jj_<_ua^a jl j**- 
/- ) I ala i u| ^ ( ii a> a a J_CL3 ^j-^ (J9 *^~ '"' ' ( ' ' ' ) jj^""" 1 '"" %r 7 r — '-^ 9-° 9-A l—*^=a 4 ^*^— n-xJ aj Lull <jua 1 1 ' *_a 

(j'3_j! jJ_*r»J print tt \ (j uj ^-— ii.1 j (jf^j 4_L>-I Jli (j gj ^— iJLl (_gJj_(J (j nl a\ (jr \s>~\jj\ cLa- l^i i u t j_ij^jj| jj_a p J r i ^ a 
(j^l ^— i ui J (j'j_j2( I (J_aL>-j m uj ^— ■ Uj « J l—i^ i J l—i * ,0 (J-SL*J jL^j>Jl *_a a I la » [ I (jljj ^ I (jl C.--p»- « ajjutil 
Lc-&Ju>-l (jLd-uajj a I « ua ll a Jt_C.L9 (jy-±£- *~' ;" * aj| Ju-uj (J-u-ajjJJ (J-U1j=3u0 tiJLijij i jLl * ,0 (JjbiJ I ^ £ ~~ ■ LJjj 
sUL) 4_jjJl»jJ JuvIj <5L>ol *§_ sHI jjj_4-i /T a i n" 4_ul>-j j_tC 4_L*aj ,_£jj>.VIj 4jj_JL*-a (_£jL>JI JaJLLeaJl (Jj/LlSJ 

* Lcj (jj—Jlj <G|ala ■■.VI c_^jL>. ( jr JLc (_>iajLia]l (J-ll ■ u ll L-dJj_ua_j 'Lj^jjI J_j*-jjj . ^ j^ajjjiji U«JI 3 i a ii, I (j_a 

lL!L- lA CjJlj>iJ aIjlJt" iiiVI £j_ « ^p_3 Jljljj . Jt_jljJI jjjj_JI <LIa '"Ij^ AJlala ...VI (\_ a ^jj_^>JI <j— « Q " ' ^~~ l U 
. JaJLcIajl (j-ul j(H aj_JL*J,l t _ y Ire_La (^-"0 *^lL"<i^*JI ^-i ^jLaoiaJ AJ-b I JJ (j-ul_iJi]l £- 3 Laj ■ u ) CjLsIj^oI 




<UjLLaJu ^JLlcojj 



a \_)L*i,l daJLLgs jiiLa 



i La » . ia 1 1 SjJlJLa jl ^ ->-J UiUti (^-^"J 



_ ^0 _ 













D =11. 10 ^mm 

A = 96.77^mm 2 
493 + 2 gram 
986 + 4 gram 
±0.5% 



Area of 

Piston 



To Pressure 
Gauge 
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4Jnp" ( ii a (j'jj^ a JicL3 (jl (j-^ J^=LjJ 4j^— MtjjjL-tJI 4 I ^i ( t, I (_yic (_,^— ijIjjJl-uJI ajJL«J,l jl-£»- f-ti ■ } 

(J-u^aalL) pJ3 p3 flj_lL*i,l j' j**- aJicLS /Jl 4 1 13 i I , I ' (j-aL>Jl p J La Zi 1 ' aUid ^j- 13 ( •J-"-**' (J^-'-^ 9^-1 p^9 • T 

. ^ uaJLI, I 4_aJuLa A- iOj^jJU ^ -»■" Atl Mj 2j_jL*i,l jL^>- <4r (_)-"*-J-2Ji r-jjita 

. auxiliary tapping ^»ji\ ^ jL^-Vl r U^ \i3« SjbL pi .X 

. *-*■ ua\) (J j t i"i~( < p^J a ' -"' ' i * ' (j-aL>Jl p-uajjjl aU^a Jj - ^' •%■ 

. «.ULl fljjL«Jt,l jL#>- «-(J-l p-LkS-uJI AUX2 (J-£>J^>iJ Ttlsl .0 

. p J La '" I ' aU^a (3^1 ' ^ ' > ' -^" ' I ALq-i-ij (j^a «.U,1 77 \_>ij LaJ_Lc . \ 
. jL$j>JI p i n->o 3 1 ^i~ I a j-fg- (jiij^— 1 U (jl (j-a jL^aQi! (jtjj ^1 (J-^L^ j_jjJlu pJ3 .V 

. i-LaJt iJaJl jj-uLuLa 2*1 >i3 uJT ' ""' ' C*^ 
• u'jj^' J-a^ iaLuaXI jL ^ pj jL \0 J 2jJoLii,l (jljj^l aIju^L-uLi diUlj-UI J^lje-cuj Jj-^= A 

. 2j_a (_>^3 «4- (JL*^-^l ' ^j-^"*-"" 4_uji^3lC ^lSjjJoj * 2 j La -»- S I jj^a . ) * 
JaJt tiaJl /j uLi-S a £— Qsr < n Ll Jajt tiaJl a ■ fljJL>j| iLaJt iJaJI £ru j-iuUj ;— Lrc-La p-»-ujl . 1 1 



.u; ( ^it^i^.U(j3yi 


,U>»/>>M ^j.,\ Ma ^I.H 


^Lill^-jiLdl lU^tl 2,u.i 


\o 






),- 






yo 






Y,« 







(n ->)jj 



Jo* 



- ^V - 













IAIN LfcjJuS 4jJij-c-C. ajJ3 2 U , ,,lj^> jmm <5j_Li3 ^j u-l^j a 4-La i "tj_' *_jLo daJLLa *u .V 



S JaJLiiajl (Jj/LlSjO aj_jL*-a 4_ij^>o ^j-* 3 (^r^-uL-u VI i_2JuJI j-^= Jl • ^ 



_ ^A 




4jJj-* uJI 4_Uj_*JI 4 ^=3lL»XI 

.tviffl() lliii)Tillf|.tvifill piln ill nnlnll niiiinq oll 
gftLUl jJ$iaJJ (U^aU 2uU)l 3>bVI 









^0 




-V 



*^3 



J*&* 



^\J\ «*•">. 



t y$ i&y~* j^ 1 t^ 







^je-r>>j _T jLiJl JaJt-La < jr -&J j*-*^' (Ih 4—4-*^° ** '^"~" 1 ' / \j '" ^r P ^~* """' **' 4 ' "j\j t — i Lhi"*~' L,a ^J^-J <-l!Lui 

PV = nRT OY -O 

. dlVjXI JJlC JIcj (jJ-J'j jLi-JI 4- <— '^i>?^' - ijLC (jr* W 

. cljUU ^LJI chilli /? 

4_js-j Ju jLiJl £_yA 4_Ll*jO 4_lL^= JaJt-La j-i_<j lLsjj-j (_£ j_!l (Jjl mi (JjjLSj 4_jjIj^v. 4_js-j_} <J1ij_jj Jl_Lc 4_»re->- *_a 
lLs-Ij-jj (Jjl mi (JjjLSJ ^j-s-\ a jj_t^s j-iJItJ (_£J-JI <-l!l._<-ujJ i_£L». (JjjLS til!ji_^3j < (Qj?tr»JI £->J-fi Jilc «Gjlj^>- 

. JaJLtiajl C lajj Jt_Lc 4jjI >J>- <^>- O *-« ^L«J I (j-« 4-uax 4 '"^— « jqj?ej>. vxij 
4JaJt La x_a Li i u ^-— lC (_ 1 1 iiLu 1 1 1 iiLuj j j ».-*•»■* jLc. ^j- 11 4-Ll<-o 4_l*^=3 r*^>- (jl (jr"- <-^->>jLijJ (_>>*;> (j_9- 1 '-^ ;J'* > ' 'J? 

. fljl >r»JI 4j>-j.} <^ll4-i3 J_Lc 

1 



Pa 
V 



: £>l til 
PV = C (U -Y) 



_ ^^ _ 













«LlAaj (_£j_L*JI <_2j_LaJI 4_LaiLo A 4_p-L>*j 4_i^j_il ^j_a Y - ^ ) J^~ ■ "■ tl 4r ' t^""* j' fl^-M lJJ ^~'"'J 
<_jj_jjI ^ La i ul aj I j I a J J i^al 1J (_£j-^>-l 4_i^jjLi /— Lfl-uJl L#J9jia J_Lc 4_LuzsILaj ^^Jn-a (J-aL>. (jylc L^j-uIj 
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J\ 4_i^jjVI *|_ slj-JI Jj_a-C (Jj-la (Jj/LlSj jq-JS i r (_£j^>JI JaJLiia U ujl i n a jj i -^ >J, I slj-JI JajLLO jj ^~*,' 

. 5y_JjJuJI as-1j^9 (Jjstjjjj 
fj-iJIj A £>aJI Ju£. £Jj)Jil!1 B*.|jJ3 J^=-<-"J j-laTiim V JjJo. 4- ^W^ Cr^-' (Jl -^ *rL*^' J-^jl ~Y 

. jji^i-»J,1 t *'^-5' -Sj-*£. <Jjb (J-^J " 
. Jj 4_ij_u^U (jr J>ojjLJ *-3j *_a <Jl)lj_a aJlC 4_uLl!I ajlaisJI jj^d - T 
\\ * II JaJ« us (jl i^. .p* (j-Cua u VI <£_ ll /j ' *j T" 3 l - u iSjH L - uu a CT* > <jjn ^ ' *— *-*-" **' - *■ 

P' = h + P : ^ P' jj.^U 

y = I ' & : j_a> j j i ^i -»J, | V «-l^(Jl f^^*- 3 * o' "-*^J 

. A 4_i^tJ>U ^^^IjJI » La.HI 4ja»L.u.a 3, j? C~p- 

P • V = C : jLa Jj^j j>>^ c -x-c u a .j 

i = D(/i + P) or -o 

Ja a* /. Lc J ia >i ' clil m ( ii II j j se^a /. Lc Jl j '"'I >1 Lta II jj T-a ^ Lc (jA_ i LuLu 1 <i ( CJ («— <-ujl - 

. ( 1 Y - Y) J^~" i "■!! «4- ^^~" 1 (JdLJ- 1 OJ- 1 ^ (J-^^i P-^"" " A 

di\ m ( nil jo^ta j_a c- j La-2JL1 *w>Jl j-a (Caj>Jl JaJt LgaJI (- < i n~>-l 

— CjI m i nil jo^ta j^ fr j La S I , I «Aj>Jl (J 9-la (Q-»j/>jI j^s 

= ( P ) ^3*JI ckl^JI 
. <_iJir»Jll (3^j-J' T" '-^ ' " aliLj*-a-> JJ J A jru_^jj^l «|_ /tJjJuJI a«-lj^ 'J L ^3^ "• AJa^seJLa ♦{♦ 



-\>\ - 













A o^Vl 




^UjjI X 
A ojjjVI 


(Co ( i ii a 

h = Y-X 




J" -W> 











































































0Y -OJj 



Jo. 







-Ut. 













S jliJI 4±t^=> cd^lm ^^yic jjijj ^lll <Jlilj-<illl ^^ La J 

1000— 4^li^= ^La Ja.^. t> ±j+£. &a 4JjUj La Jl 101.325 j- ^^>J| J^JL^I J^ .V 

4* 

-cq-lc jl < 101.325 kpa ojai lLjl^j 25 C «jl>»- ^*jj -^ ^'^^-icr^-j-^' c 5 ^^' ^j^ -^ 



S R ~ 2 ^~T~K tijLuj *I_^1J dljliJI c^l5 o^ 



- ^ .r_ 




4jJj-* uJI 4_Uj_*JI 4 ^=3lL»XI 

.tviffl() lliii)Tillf|.tvifill piln ill nnlnll niiiinq oll 
gftLUl jJ$iaJJ (U^aU 2uU)l 3>bVI 



dj^tfoC Alii QJ I 4_Jjj?eIlJ| 






n 




-V 



*^3 



^^ 



^Ull 1 ^" 



^ it^iw JJ^' t^ 







. (_^^HI py-jjjuJLi (jlLiil j a LaJI jLsolj (JjLi ^jjjL^ J).;^*** > 
4JI (jy JLi (_^aJj (_$Jl!I 4J^Jl2 a ^ VAV aLc JjL<i ll!L>. (jr j J iJj-aJI pJL*JI *ju3 <_jjL*ilJI ^ i^JLoJ ^ejjJ 

PaT 

P = kT <"-» 

. (jlLaXI ^jjjuJLi jlill SjIjj>. ajxjj T j jl;ti ,U;,^ti p j t-c^LnJI cxjli k (jf c~p- 

P = kt + P Q 0T - Y ) 

P 

. (_£3jJ,I /j-JjJuJLi jLiil ajlj^v. ^"J-^ t J l£><-^ j-iuaJI JulC jL»-II daJLLa jjfc o (jl ^-^P"- 

(jj_^3J LojL_t£. jLiJI ajlj-j*. 4-j»-j.i 4_JLi j I La 1 , 1 j a us 11 ( a jj »" £j ^— i <a ) 4_j| ( ) V - 1 ) 4_!_}L*_I,I (j-« ' La ~^y jj 

. Ij flj^a etLaJuJa -»■ j i taj (jl (J-l3 M^L"' 7" ; ' -^J ^ ^^"-H jL*-I' O*-^ (J^*^' ** *» 'J? ' J 0J *^ l£J'-'- u ^ 4-LaJLLa 

(jT ic (J^jaJe-La J = vJ jfii^ L^J^-"^ j^-*-^ Jjai-La (jl (_p^ILflj (^ V ~Y) 4J3^L*JI (j-* 3 (jlLa.ll j A.^tl _iL>o2j 

= fo + P o OY -T) 

it 



P 



'„ =— r- Or -£) 

lLba. (^yL; J » -">-.*» Siai-Laj jl iJI ajljja. 4a. j S (j-U ^\< »tl p , „j i ;/- d'.l ( ^ V -£) j ()Y - Y) (j-\IiJ3}L*J| ^j-* 3 
«G| Jlj»o ( ^ r - £) 4j3}^_*JI (j-aj K jjfc tlaJ»Jl I Jui (JjjOJ ■* o tlaJLiiaJl Jil^. (— il >l LtaJI JJ^ta * La Sj pj^~ ■ u a 
j a Liajl JLr*<j| ^J^-" 1 «a ' 4JI i La 3>.^ J I ■t'^ - ' i (jlLai, I j a L^aJl Jl>-jj (jl ■» jlali i u ) K j ■* (j^ 3 U^ 3 '4j- a 3J-*-'S-> 
aI Jltt" i ill (JjuaAl (j^= ' 1 j ajl w>Jl ^>-)J J?- 56 -^ (j- 13 ' "-ILjjJI ^O^? 1 "! ^- a ■* ^"' ' Cr^" P»^~" ' ■ Jlc-) j 



- ^ .1 













p^" i - 1 ' tiaisJI Juoj lLsLS-L!' (<s-<-uj *§_ flj 'j^~* ^-i (Jj 7rLl>^i <LuL<-J1 4_2jj_LaJI (j2 c (Jj <U2Jj_kaJI 



. ti^ajj) 



^JLUI J^.t.tl 2_ crUI jU^JI ^j^ 










_ ^ .0 _ 







. ^ILajjLi a) Jiir" i iiL) (_£jj>JI i Ui i>>tl (_ , , n->.| J fl (_£jj>J| aaJt iJaJI (J^*-<-u - Y 

ap-flj (jylij (jr^ 4 *-^ = J-^'j Cr"* .J - ^^ 31 ^ (jLie_ui]| jl (jJJ-JJ Ju3j-a a I JtieIL_u Ll (j-ul ^— ill £— s-LU (j-5e-tji - T 

. B Sj^aJI 4- jUJI ajlj^ ^-J J 2^I>II 4- (jr* Lr^' *^' 'jl* 3 " - ^J- 5 O-"^ (*-* *JtR-J 
/\_ d U ^ ', \ I ^j^— lIIj 4-ij-*-« 4-La^J Jil£. Sj ^— i ll ' J i -*>**' 1. 1 3. pj-aJ' 4- (j-i-ijJI P'-^j' L^"' ' " & <-^-p - £ 

4- (ja^aJ (jf t_xr»o <Jli L-u LlSJ I Ju>-G aj_a (J^= 4-J j*-*-^ t*^*- 3 ' t ~ t j-*-"J L^-a Jl?-~ i n" 4 La a ll I <5Jl& 

(3jjJJI Jij-*£. f-Lfljjl 4- l3>^' ^■j« b fj^J' 4- C iLailJl f-lijjl <j-"i -o 

Jul!' fljlj^*. 4-3-j-i /)iaAgeJj LoJiicj i alaij ^^— -jj >■ ) *_a -i^J (jy^->- *Li' L ^pj J^J-ll ,%jiLal - V 

LjjL-u L^jJJls- ( Jj1\ A 4Ja2l!l (jjl 3, fj-ill 4- (3AP' ig>'-'-"^ f-^jT <^iL»-jJi ^ * ^J\ ^l^o 
g^Llill JjJl^ 4- ^T '"J ^ fj"*^ 4- ^ iLailll pujjjlj jLii! ajlj^sJI 4^>-jl (jji N ^~- <j-"J3 r*J 

_T j Jl uxiia>l ' j ' "J 
4- /yjQiJI (J^*-<-u aj-a (J^ 3 4-J J"-*^' *j'j^*" ^"J-^ L)^ 3 *^" **^< l - J 'J- A ^^^- "^ S a!aj>J I jj^a - A 

r i La * i ta 1 1 j (_£^HI j-fljuaJl ) LjJlLijO Cj\ m i nil JJ^ta (jr^- t jL*-I' ^'j- 3 - 4- 3 *J- i D^- 1 ^^-»-ll f«-^"j' - ^ 

. I U-^-tl 4 j i im Jl>-jIj * (JlLaJ,! j a LtaJI C- < i n">>' j«3 p^^~ . .. 1 1 tlai»Jl jjj-a 

— ^ILa j j LJ I jj-' 3 iS3^ ' >-LaJL>iaJ I 

— r\. 4-La^Jul x-tisaji 



_ ^ .n _ 



3j.it Si) till SjjaDI 









p = p a +h 
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jlill 
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Or ->)Jjjl* 




Or -r)j^^ 

t «GjI>j>. <^>-j-i *-« D jj i y\ -^. I I jLiJI i La i ' a \ ' »~ 



-UV. 







j Jo I iii (j 9-1 LS 7e-t^3 9 . T 

S (JjLi (jjjL^ Jj.;^~*~ ' 4_ij^>o (j-jo (jt j-uLjjVI i_2juJI j-^3 Jl • ^ 

ajlj^s. is-jjj lUUD3.r <5j|juLo Jai-La Cir>o ^ "*" ' "^~ <*\ ' CtftLa 3Ui^ltCr I j~» i u 4J| ala i uf . Y 

ajlj^s. is-jjj /JOclX (J\ it-it >MI (_>is-fli»oL3 jlJLlI (jjs #-j-3* (J<i t*r i nl 1 / Lx LajIjlSjO 

(j-i *» i "^~ »N I tliljliJI CcjG (jl_i Lain Q-aJiir" i nl (^j-JI jL*-II 3 l"^— ■ <_ 1 1 n~>»| i I C LijIjuLo 

5 260 ^ ^ 



J.A. 




4jJj-* uJI 4_uj_*JI 4 *^— LJLl 

■«^ irfl Q II 1 1 ij~i"i II q .«^ 1 6 1 1 p i In i 1 1 rin I r> II ri T pH 






3 



w 




^' 



>j3»J 



^^ 



^Ull 1 ^" 
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